R F aaahinl

ﬁlﬁ.}% & i‘w v

HAS-1IS-3G06
THE RADIOCHEMISTRY OF AMERICIUM AND CURIUM

Univereity of Califormia
Los Alamos, California

January 1960

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service



4 National

Academy
of

Sciences

qﬁonal Research Councii

- NUCLEAR SCIENCE SERIES

The Radiochemisiry
of\ Americium @ni‘i_ Curium

Published by L ST
Technicat.Information Center.. - .. -'wx'ﬂno'hm_: TECHNICAL -
U. S. Atomic Energy Commission - - INFORMATION SERVICE -

j FARTIENT OF COMBERCE
it DJEIIIG.F!ELD. [N 22181_ .o



COMMITTEE ON NUCLEAR SCIENCE

John Huizenga, Chairrman, Nuclear Structure Ressarch Labaratory
Thomas A. Tombrello, Vice Chairman, California institute of Technology
C. K. Reed, Exacutive Secratary, Nationsl Academy aof Sciences
Lowaell M. Bollingar, Argonne Natlignal Laboratory

Psggy Dyer, University of Washington

Russall Heath, Asrojet Nuclesr Co., Inc.

Roy K. Middieton, University of Pennsylvania

I. Lon Morgan, Columbia Scientific Industries

G. Davis O'Kelley, -Oak Ridge National Laboratory

G. C. Phillips. Rice Univenity

Henry N. Wagner, Jr., The Johns Hopkins Medical Institutions
Josaph Weneser, Brookhaven National Laboratory

Sheldon Wolff, Univarsity of Califarma

Chien-Shiung Wu, Columbia University

Alexander Zucker, Oak Ridge National Laboratory

Liaison Members
William S. Rodnay, National Scianca Foundation

George L. Rogoss, U. S. Department of Energy

SUBCOMMITTEE ON.-RADIQCHEMISTRY
G. Davii-0¥dlley, Chairman, Oak Ridge National Lanoratnr-v )
Glen E. Gordc;n, University of Maryland
Roftfe H. Herber, Rutgers University
John A. Miskel, Lawrence Livermore Laboratory
Harold A. O'Brien. Jr., Los Alamos Scient.fic Laboratory
Richard W. Perians, Battalle Pacific Nortnwest Laboratories
Anarew F. Stehnay. Argonne National Laboratory

Kurt Wolfsberg, Los Alamos Scientufic Laboratary

Liaison Mambers
John L. Burnatts, U. S. Department of Energy

Fred Finaeis, National Science Foundation

{Membership as of Noavember 1977)



AEC Catagory
uc4 NoE-NS-2008

The Radiochemisiry of Americium asd Curium

By R. A. PENNEMAN and T. K. KEENAN

Dniversily of Caiifornia
Los Alarmos Scientific Leboratory
Los Alamos, New Mexico

JEnUATY 1960

Prepared for Subcommittee on Radieckamistry
National Academy of Sciences---National Research Council

Repr.ntad 5+ the Tecnn.csl Informatigr Center
U.S Department of Engrgy

Publishad by
Tachmical information Canter
__U. S, ATOMIC ENERGY COMMISSION



i. Availabie from:
Mational Technical information Service

- U. 8. Department of Commerce
Springfield, Virginia 22181

_Printed in the United States of America

USDOE Technies! information Center, Oak Ridge, Tennessee
) 1980; latest printing Movember 1877



Foreword

‘Tha Subcommittee on Radiochemistry is one of a number of subcommirttees working under the
Committee on Nuclear Science of the National Research Council. Its members represent
government, industrial, and" university laboratorigs in the areas of nuclear chemiswry and
analytical chemistry.

The Subcommittee has concemed itself with those areas of nuclear science which invoive
the chemist, such as the collection and distribution of radiochemical procedures, the
radiochemical purity of reagents, radiochemistry in snvironmantal science and in nuclear
medicine, and the role of radiochemistry in college and university programs.

This series of monographs has grown out of the need for compilations of radiochemical
Information, procedures, and techniques. The Subcommittee has endeavored to prasent a saries
that will be of maximum use to the working scientist. Each monograph presants pertinent
Information required for radiochemical work with an individual element or with a specialized
technique.

Experts in the particular radlochemicsl tschnique have written the monographs. Tks U. S.
Department of Energy has sponsored the printing of the saries.

The Subcommittee is confident these publications will be useful not oniy to radiochemists
but also to research workars in other fields such as physics, biochemistry, or medicine wrio wish
to use radlochemical techniques to solve specific problems. .

G. Davis O’Kellay, Chairman
Subcommittae on Radiochamistry
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INTRODUCTION

This volume which desls with the radiochsmistry of americium
and curium 1s one of a series of monographs on radiochemistry of
the elements. There is included & reviev of the nuclear and
chbemical features of particuler interest to the radiochsmist, a
discussion of prcblems of dissolution of s sample and counting
techniques, and finally, a collection of radiochemical proce-
dures for the eiemsnts as found in the literature.

The series of monographs will cover sll elements for vhich
radiochsaical procedures are pertinent, Plans include revigion
of the monograph psriodically ss new techniques and procedures
varrant. The reader is therefores encouraged to call to the
attention of the author any published or unpublished material
on the radiochemistry of americium snd curium which might be

included in a revised version of the moncgraph.

The authors have reviewed briefly the chemistry of ameri-
cium and curium, attempting to keep the emphasis 6n separations
of these elements while including enough background information
10 give the reader somes familiarity with the topic. Much thermo—
dynamic and electrochemical data have bheen omitted; however, most
of the original references have been given and may be consulted
to obtain further information. Complete nuclear data such as
cros2 sectiona, decay schemes, etc. are not included as this
informstion is readily evailable in standard sourcses.

Referenced reports which are followed by (OTS) and their price
may be obtained from the Office of Technical Services, Depariment
of Commerce, Washington 2%, D, C, The symbols 'mi" and "ph” refer
To microfilm and photostat., If no such symbol follows the listing
of a report, the authors were unable to determine its present
availability. The U.8. Atomic Energy Commission has made some
errangemsnts for the sale of microcepies with the Microcard Foun-
dation, P.0. Box 2145, Madison 8, Wisconsin and with Readex Micro-
print Corporatiomn, 113 University Place, Nev York 3, N.¥Y. It is
possible that thess organizations may be able to supply microcopies
of reports, The flyleaf of each volums of Nuclear Science Abstracts
may be consulted for further information. 8Single copies of the
1858 Geneva Conference papers may be available for 25 cents from
Uoited Netions Bookstore, Tnited Nations Headquartars, East 42nd
Street and l1st Avenue, New York, N.Y. Ve are informed that single
coples of the 1955 Geneva Conference papers are no longer available.




I.  GENERAL REVIEWS (See Refs. 1 to 12)

II.. ISOTOPES OF- AMERICIUM AND"CIIRIUM(J'S)

' Isotope Half-life Type of Decay | Isotope Half-life Type of Decay
. Am237 ~1l.3h  EC 9%% Cm338 2.5h EC < 0%,
“Am238 1.9n EC y a> 10%

Am299 12 . 1 EC 99+ (m238 2.91n EC
Am240 5 n EC Cm240 26.8 ¢ o
Pl 458y, o 3 @* % e 6%
. F2S- R - o a0,
) -Am 16.01 h EBC ]8-192, Cm2¢2 162-5 a a
. J .
. no IT lim. |.Cm®43 35 ¥ a
242 - (14) 6? : Crtt 1797 @
A e yE Eg' wS 8x10°y «
Ama*s 7.95 x .o (248 6:5 x 108 Y ct
R 10y . .ca o | =7 >hx107y a-
Am24+ 26 m BT 99+ Cm¢®  L.7x 105y a 8%,
]-\ma"s 1.98 b 5 . spont.
e 5 - fisgion 11
A 25.0m B Cm242° 64 m B~
cm2s° 2x10*y spont.
Iisaicn
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IIZ. ReV_E» OF AMERICIUM AND CURTUM CEEMISTRY
aTraduction - - ,

The ~w> e’emenss, americlum (Z = §5) -and curium (2-= 9§), vaich are
Tte sutjects of this revlew, protmbly represent the laset of the heavy
elegents oan viich extensive mscrochemistry iz <he usual sense (involving
several ril'izean tc gzan quentities) is ever likely to be done.¥* The
evailebili=y of americlur and cuziun ir <he laborstorlees of the United
Stetes, Uzited Kizgéom, and the USSR has resulted ia internationai con-
<ributiors to <he-elucldation of thelr chemlstry.

Wnile ruch of the informetion cn these elements was obtalned wvith
reletively short lived isotopes Am?*l (a, T1/2 = 458 years) and Cm™?

(@, tajz = 162.5 deys) with the attendeat radistion &ifficulties, the

--availlability of Zonger lived isotopes in la=ge quantitles is approaching.

In particuls-, spproximately a gram of Am®2 (g, t1/z = 7951 yeare) and

244 (q, - j2 = 17.9 yeers) will be separated in 1959-1660 in the

United States. One can anticipete the formetion of longer lived isctopes

of cu~ium by re-‘rradistior of Cm®** (see Teble of Isotopes).

All of the chemical manipulations with even the longest lived
iscccpes of ame~icium or curium require extreme ceutlcn and ecare. Only
<racer scale experimer:s, i.e., & 10 counts/min, should be performed
on the berch top since the total body burden (bone) 1s only 0.057 miero
curies. Aay aecro-scale investigeTtions must be carried out in enclosures
such &8 glove boxes TO prevent any physical dlspersal of contamrination.
It 28 & tribate <o the many workers in this field that relatively few
eccliez=s heve ever occurrei. There are no known cases of seriocus illness
or desth from americium or curlum polecaing; however, prampt medical
treetzerns is mendetory ir <he csse of an eccldent, e.g. surglcal exclsicn
end istrevencus treatmert with calciur EDTA are usually used fellowing
sxln pusctures ¥oigh denos_t the radicactive element. A report of a
rmedicel corferenice et tne Argonr.e National La.nora"ory( 17) sumarizes
ned‘ce” experie-ce in this Ffleld.,

.I= the case of the cocxmon isotope of smericium, Ama"'" care is also
- required =5 avold excesalve hand exposure to the prur_inent ~ 60 kev gamma
radiation, (Lead foll or x-rey glass 18 & useful sbsorber.) With large
quantities of americiunm or curium, neutron exposure fram (a, n) reacticns
becomes a Droblenm.

* The next Ligher elemsst, berkelium (2 = 97), is in a particulerly
wnfortumate situation. Isotopes capable of belng formed by neutron
irTadiation of plutonium, e.g. Bkz"'s_ and 2P, are both short lived
end have large destruction croes sectionsa. To be sure, 1lent

but demanding work ces and will be done on small quantities, e.g.
the gbscrp-ion spectrum of Bk was examined cn a submlcrogram amount.



A. Jjgericium - -

Americium, eLement 35, is the actinids hormoloz of eu—orium. Ais a
hydrated tri'alent ian, americiur has propertiee typical ¢i s trivalent
actinids or lanthanide. However, americium exhibitas orthar mlerce szs=tece
vhich may sometimes be used to effect separations. Axericium kas the
walence states of (G), (ITT), (Iv), (¥), &nd (7I) =nd of these, cn'y
An(ITT), (V), end (VI) are fcund in aquecus sclucicn. (The rather ccm-
plicated situation with respsst To ARV, will te iZscuzses later o Ths
ianic species for thsee valanca atates in aquecusz acii meife mgy e
represzerted as Am , AmJz eand Amdz . Such & Teprszencaticn dces ot
Includa wate=s of kydrsticn or possibie complexad forms. 2 more cerai-zd
discussisn of the characteristics of the individua) ~alance statacs is
given below.

l.. The Metsllic Stste - An(0!

Americium metel I3 more highly electropo=itiva <han u-sniun,
seprunium, or plutcalum srd ams teen srspared ooty b the actica of )
poweriul reductants on anhyé=scua enerlclum sslt= &: highk "'--_'lr"..esra'n:.:_e:.l':l"":'J
Tvo reactions which have bean used succezsfully are: (1) Ea + Amr, tz8)
end (2) Ia + Am-‘_':a.l'?)
zeported with a = 3.842 = 0.035 X and ¢ = 11.76 « G.01
centered cubZc phase alzc ex_'ats.{z) Botn the :neF_su:eu s5d ealcilats
densities are in sgresment: calc. = 11.57 = 0.05;'%%) exg. = 11.7 - £.32.°
The stcmlc redius s 1.82 X.'*°
temperature range -103° = 1L53° K may be regresentai =v: lcg Py =

2G
7.56% = 13,202/ ___k ) Thus, tas vapsT- prassure ol saerZaivm ia conside

21,

A double rexagcnal close pazzeZ strucoire Lh5s beex

{19l
g__:.s A Zacs-

[¢]]

1=,

The vspor pressurs of thec netal cve~ tTk=

arably higrer tha- tast 52 :lutu:im. ’:hie_ma.y hsve <igniticarce es
Y sepa.ra.tian pr:\.er‘_.re )

Differfag Zrom scms cther setiztde ne_tals_.l‘a‘) 26 3lidgs <r "momoxtidaT
formation occurs as amerishi— mets! s xllowed ta dizsolve Ir hyvdrscklioric

acld, that Is, dissclut-con Tskss plsce ccmoletsly ececriizg to th

reaction Am +~ 3 E —-a - 1.5 Ez.lla'b) The L=at of scliuTicr axz
Iafl=cve 2lutisn oI americic= metsl Is kyd-ochloria soid fs - 1622
£-al. ::le"zq"] enl with scre estimstss Zor The erntrody chaa—gas Zsr sich

a reacticn, the forma’ pcreatial for <re metal vs. The hyd-stad to—vratast
zon Ia - 2.72 vere ' 7, 2% Areziciva oste” is therefsre quizte 3im®~ s~ <t
a trpleal lentze=ids metal e=nd -3 Tha first actiziis metzl vbkich absvs

such correspondescs. Most of the studlaz on emericlim mEvst -~ ol lce
& aa scala! kawe besr cscrisd cut at <ze redwersity o JElS<srris Hai®s-

tism ZsHoTeroTy 2t ZecXaiay Ty 3. 3. Curnirgham a=d co-ucrlsss a0l <t
t1z,23,25 2~

) oriznal lizerati—e should be corsul-ed So- specitis =afs—pg-ioo.

.
w



2. Lzn-fxieteszece &f Dovelens fmezdicium

Sizec2 emericiur s the homolog of eurdpium anc presumably bas the
Ta%£2732% (85, .., errucrure, it had been sesumed that americiuwn should

- for= 3 dfve_e=t s==eze. However, work wvith the Easeous_ ions showe, Zn the
cese of A- and An , The= the snergy difference between r” and 723 1s leas
thea thkat fo= the asslogous eurcplum species.(zs) Same early vork(e)
I==gpe2r a23le) 233 give cextsin indicetions of divslency but later exper-
. Izsqts vith meert qusntltles of smerdclun profuced ro reduction product
i-cammaziese berwean Am(ITI) end Amio).l's) Under cordizions {eizher in
gzluTion o annyd-ous) vhere cne may qusntitstively prepare Pu(ID), Sm{IT)
or Y{II), nc co-responding res-tlon took place using americiun. If one
g 1l-ws emeric’um Teta” to resctr vith e minimm of O cr Ha, one can obtain
substances corre=poméing to the stoichiometry AmS and AmHp. It has beea
stoun, kowever, thet The amerisium radiue in such “campounds” 16 more
retallic Thsa ianic'® end therefore should not be carstrued as evidence

e &velent emexiclum. -

Z. The Trivglent Stste = AmiIIT)

The triveler: estate of americium is the one mcst of'ten encountered
in sguects sciutim. As a 3imple hydrated iom, trivalent emericium is
very eirila~ toc a typical trivelent lanthanide ian. Those reasgents which
show specific benavior towvard the lanthanide group vill aleo undergo
their che=secterletic resction with trivelant smericium. Like the lan-
the-idee, triveient emericium hes en insoluble fluoride, hydroxide, phos=-
phate, sxalate, iodate, etc. While smgll differences in sclubllity
T-odeb.y exlst betveen spuch inecluble lenthanilde campounds and thoses of
amaricium, caly in two instincas have these differences been examined in
‘dete’l 5 Bs To achieve peparation of americium from a lsnthanlde element. .

By slow hydrclyele of dimethyl axalate'>S) in e solution conteining
both americium end lanthasum, americium oxalete is enriched in the pre-
clpitete reletive to lanthamm. A Typlecal axalate precipitaetion by <hia

- method car—ies 956 of the anericilum and leaves 50% of the lanthanum in

eclusiom. Amariclum!ITI) cxalste, vecuum dried at roam temperature, has
- the formile Anz(Cz0.)s-7HZO. Ite decamposition was studied on a thermel
\:a.'l.a::uce.l':-'-'-I On heatlng ln vacu¢, water 1s lost stepwise, forming the
anbyf€rcus mielate at 2u0°., On heating to 2L0° in alr, anhydrous emericium
cxglsta 1e fo-med which then decomposes on further heeating. Decampositiom,
forring tlack Ami;, begine at sbout 330" and i1a camplete at ce 470°. The
solutility of Anm{III) oxslate under vazious conditions is glven below, 22
 Scze dste heve been obtained'”™’ on the solubilities of the double

W fates of amerizitm and certelr glkali metsla. Three dcuble sulfatee _



of americium ard potassium have been chbtaized. The campound having the
camposition KeAma(SO4,)7 which 1s precipitated at Ligh concentrations of
potassium sulfate haa the lowvest solubllity, 3 mge./liter.

TABLE I
AMERICIUM OXALATE SOLUBILITY

Formal Solubilisy

Media °C /1

An(III) oxalate 0.1 M HaCx0, -
+ G.2 M HNOg 22 1.8 x 10

" 0.25 M ENOa 20 2.5 x 10

" . 0.2 M HaCz0, 25 1.8 x 107

A second precipitation method which has been examined Iin detail
28 )
involves the use of hydrofluoasilicic a.cic‘l.k ) to separate americlum and

pramethium. Urder the experiments! conditions used (see vroceduves) N
pramethium fluoride precipitates while americium remairs in solution.
There are earlier reports 8) which describe the use of this reagent becth
25 g precipitant and as an eluant Zor ion exchange cclumrs.

Very little quantitative information 1s available on the camplexiag
of americium. A thermodynsmic (zero ianic strength) ecuiliibrium ccnstant
of ca. 0,068 has been calculated for the reaction AmCl™ = an™ " + c1'.(3°)
Further eviden;:e for cammplexdng of americium with chloride lon results
fram the K of 165 reported by Coleman, Hecht and Pennenen’®) for
emericium in saturated LiCl and anion exchange resin., A procedure as
been developed for the separation of americlum or curium from trivalent
" lanthanides using the LiCi-enion resin syszem and will be d'scussed i
the pu=ificatior section. (a2,32)
tightly bound to Dowex-50 cstion excherge resir im 12-13 M HCL than tte
lanthantdes' >*3%)
tien.

Americilum ard curium are mich leas
and th's oropexty 1s very valuable a3 & group separa=-

Americium thiocyanate camplexing ls denonstrsted by the abscrptioa
of americium on strorg base arion exchange resin Jram an aqueous phase
5 M NE..,SCN.(SB) Low moleculer welght lerthsnides are not strongly
absorbed under theae cordl:icrs and thls syetem glves excellent lantharen-
ame=icium separations. A, of > 5 was neasured fcr americium in 3 M
LiNOs toward snicn resir.'>”) }
Other evidence For Am(IIZI) complexing evolves from the electronigra-
tion studies of Yakovlev end Kosyakov.(ss) Briefly, 70-9C% snodic rigra-
tion wvas observed for Am(ITI) in 10 M HC1, HNO3 and EaSO,. . Oaly 1% anodic

aigaticn was observed “or 3.7 M dCi0, systems. Approximg=ely 1CC% arodic



migratior vas noted for 50% KaCOs and T79% migrstion was determined in 25%
NeCoHs0a2. . T .. o
With the excepzion of the work-of Ward and yelch,‘“)
can Se sald sbout the exact species present in an aquecue media. Absorp-
Tica op anlon ezchange reeins does not really dsfire en anicnic specles
In the acueous phase, This area of emericlum and curium chemistry 1s
gtl> ves* anéd uncharted. -

The majority of separations of americium (or carium) fram verious
co=tamizante which Znvolve elther ilon exchange or solvent extraction have
deslt with the arerlcium in the <rivalent state. These wlll be discussed
separetely in the pu~ificatlon secticm.

very 21

L. The Tetravelemt State - An{IV)

Orly three campcunds have been ldentified which cantain tetravalent
emericivn. These mare the dloxlde, ma.(sa,m) and two campounds with
fluorine, AmF and nmr,.(“) There is scme question as to vhether AmOo
is s stoichiametric oxide. Tn an maccurate determination of the specific
sctivety of Aw®*' 1 was found that anhydrous AmCls and Amg(BO)s gave
camparatle resulis but thet AmOp prepared at 890° would hsve to have the
stolchiometry mz_lkﬂ) to g2ve concordant results for ths spacific
activity.

Tetravelert americium has never been cobserved in sclutiom, The
fermal potential of An™> - Am™ 1s 2.4k volt*®) fram which ane would
presume rapid cxlfstion of vater by tetravelent emericium in aquecus acid
golusion. The formal potentisl of Am'* - Amdg' bas been estimated as
1.0t vo1t.(® Therefore the disproporticmation of Am(IV) vould be
favored by ca. +1.k volt or 1T kcal/mole. Some evidence for Am(IV) dis-
proporsionaticn has been obtained upon dissolution of Amg in EgS0, 2%
ena 8010,¢**) and constivutes ancther peth for the rapld disappearance

of Am(IV) even if it should have a fleeting existence in solutiom.

5. The Pectavelen= Steze - Am(V)

Toe existerce of this valeace state was discovered by Werner and
Perinan(*2*5) upo prepared it by axidstion of Am(IIT) in povessium
carbonete solution &t 95° with hypochlorite lon. The pentavalent state

of emericium 1s obtained under such conditions in the form of an insoluble
(< 5 mg/iiter) double selt with the alkali carbonate, More elaborave
experiments wlth rubidium and ammonium enabled the characterization of

the hexagomal compounds RbAmOzCOs and NH,AmOzCOs\*®) ana orthorhambic
KAm02005-2(Ka005) . (4847} 3 nonoclinde double salt with sodium carbomate
also existe. ' Other oxldsate such as ozone or persulfate have also
been founl effective. Other <hings be_ing equal, ozane ls preferred beceuse

6



no nev -cations or enions are inrroduced lnto the solution.

The precipitation of Am(V) is routinely used to purify erericiim
from carbonate-soluble impurities suckh as lanthsnum or curlum. The
oxidarion of americium with ozone proceeds smoothly st G2° in 3 M KyCOa.
The Am(V) is formed as & finely divided tear precipitate. Removel of the
carbonate supernatant followed by washing the precipitate with dilute
KzC05 solution (wster alone Gestroys the campound) will reduce the con-
centration of elsments suck ae lanthamim by s factor of 10 or more jer
cxidation cycle.

It has been Founé recentiy taat aigh (& T M) concentrarions of
potasslum carbonste are not necessary to achieve camplete oxidaticn of
trivalent americium to the pentavalent state. If one bubbles ozome
through a slurry of trivalent americium khyérxdde in ca. 0,05 M KHCO5 az
92°, texagonal KAmOglOs is obtaimed.'™™ A strticingly disferent bekavtor
is observed with 0.03 M NseHCOg. Using sodium bicarbonate at 52°, one
obtains rexavalent emericlum iz the form of a mahogeny cclored, soiuble
complex. () The structure of this camplex 13 yet unknown. Ttis Am(VTI)
camplex also 1s obtained by treating trivelent americlim i1 2 M FaxlOs
with ozone at roam temperature.(ﬂ) =2 ose continues to bubble ozone
<hrough the solution and <hen ircreases the temperature to cz. 90°, the
Ingoluble sodium-Am(V) compound precipitates. In feet, <his technique
~epreseats an excellent way to Lrepere the sodi:m-Am(V) corpouzd frae of
Ax(TIIT).

Pen-avalent arericfum (iu ror-complex'ng media) has the atructure

A:noz*. Bvidesnice for this oxygenated lon %iss been drawn from severa:
sources, Sane studles heve been made or correlations of fire struc ==
i1 the visible spectra of Yirenim and +recsurariur (V) and (VI) ims.\w,4s,so)
Crystallographic studies oz the imsoluble (V) compounds of piutoniun,
neptirlum and emericlum srowed “Le M)z ‘cn existed as a molecular e:n::::y.(s'l)
The reversibilizy of tne Am(V)-Am(VI) couple tes beez teken as fu-tker
testimory to tke analogous na-ure o= Am(V) and Am{VI) .(52) Studies o ue
asyme‘ric stretckirg frequencies of the [0-M-0]7 sza [0-M-0]"" icrs com-
Ilrmeq tke §c-.1'bly oxyvgersted lInear (or reeriy inesr) sonfiguration for
trese ‘_ons.l'ss)

As might be expected, tte ckemlca’ Sroper=ies of such a doubly
o¥ygenaced, alngly cdharged ion differ merxedly Trom those oF Triva_ent
A:n.ﬁ Both <te pentavslen: .Anoz‘ &nd kexava ent .A.'I.Og_i- are flucria-
.eoluble and tkls propezty 1s usefu” In s:.a"._l gca’e serarsticna-S-om
=lyorlde insciuzles suck as the lerthenides. However, ea lasdludle pctas-
37um double flucride of AmiV) exists, XKA=OF 2(5"" buz fairly higk con-

centratZonse of Kf &are recessary To acrkieve precipizetior.



The pentevelest stete is unstable in ecidities higher than 1 molar
(28,s8,58,38

unde-goirg disproportionatica with a fairly camplex mecha.nim. L. =738

OTiE'_nIL_LI, it vas thought that -the disproponiomtion followed &

ra.u-.Ly girple kinstic experssion, viz: ZalAm(v) 1/at(mele Liter” hau.r'l) -
0.6: [Ac(V)12[EC10,)*. However, more recen: vork( 4) vith the long lived. ’
Am®*3 has showr ':ha;-t. the rate e.iqpressim 18 more complicated end should

be represented by an equerioa of the form -alAm(V) 1/8v "= k3 [Am{ V) 2[BC10,]2

~ k2lAn(v))12[55:0,)°. The reprovor-iomation of Am(VI) ‘end An(III) to form
kz(V) hes also been cbserved using Ama"sT“)

The pertavalent szate of americlum mlsc cen undergo self=reduction
with & zero-order rate in perchloric acld corresponding to ~ 2%/hour.
The rate 18 samewhat veriable in diZferent mua_(ss,s&,w,se) It must
be emphasized that this rate applies only to the isotope Am=4', which
hitherto has been used almost exclusively for studles on the chemlstry
o2 americium. The half-life of Am®4! ig 458 yemrs, corresponding to a
specific activity of 7.12 x 10° @/min/mg. The emitted alpha particles
interact with the so.\.ut.ion to produce mterlnls +the ne: ei:rect o2 which
i to reduce Am(V) to Am(TII). The rate of productiom of these raélolysis
products 1s proportional to the total amount of alpha-emitter and deter-
rinees the rate of self-reduction. Thus, pentavalent emericivm contaln-
ing the longer lived Am®*® will undergo considersbly slover self-reduc-
tion. Hyd-cgen peroxide is one of the products of “radiation-fragment”
recombination; therefore smy solution containing & species which will .
camplex or destroy peroxide will serve to slow the self-reduction of
Az(V). The rate of self-reduction is much slower in HC1 -olutiqns,(“)
or Cly-setd. so_utlcns.

( 59)

6. The Fexevelemt State - Am(VI)

The general chemistry of the (V) and (VI) states of americium have
scme si=tla-ities, both states are fluoride-soluble and afford a quick
- seperatior from fluoride~inscluble contaminants. The hexavalent state
wes prepered initielly by direct oxcldation of the trivalemt i16m in dilute.
acid (8 0.2 MH") a= 92° using ammonium . rmlfa.'ce.(ﬂo) Some precsutions
5) the acid must be &llurte
i'pe_ca.uae persulfate decamposes via an acid-catelyzed pe.th(u) to produce
-peroxymonosulfuric acld which would rapidly reduce any hexavalent amer-
icium formed. Hexavalent americium is reduced by Cl, Br or I  in acid
.soluticn end environmente of these icne cannot be tolersted. )

A-gertic ion and, to same extent, ceric ilon, mey also be used to
achieve The oxidatidn of AB{ITI) to Am(VI).'®®’ Electrolytic arldstion

glves & high yleld in 6‘54 Hcm‘(sa,ao) but a three-compartment cell st 0°

-are necessary to echieve this oxldetion;

N ) LTS



mist be used at lower a.cidities to obta.:Ln comparable yields, (62)
Oxidation of Am(V) to Am(VI) is most conveniemtly carried out with
ozone, but ceric ion or argentic ion in hot, dilute aclid have alsc been
used..(eo)
advanta.ge of contaminating the resultirg Am(VI) solution with the —educ-
tion products of the oxidant. Even dissolution of the Am{V) potassium

To scme extent, gll of these methods suffer from *hke d:Ls-

carbanate precipitate in acld followed by ozone oxidation to Am{VI) still
leé.ves potassium ion present which 1s often a dlsadvantage for work in
perchlorate media. The electrolytic method often fails where the con-
- cemtration of impurities is high,
. Two retber pew methods have been emplojred which may be used to
generate Am(VI) directly. If ozone 1s bubbled through a slurry of Am(OH)g
~-in dilute (ee. 0.03 M) NaHCOz at 32°, one obtains the hexavalent state
':Ln the form of a soluble complex as previously mertioned. (24) Subsequent,
‘slow additlon of acid to such e solutlon (in the presence of ozone) yelds
‘Am(VI) quantitatively in acid solution, with only a negligible cembribu-
tion to the ionic strength from the sodium salt produced by neutralization.
The second method involves the direct acldation of Am(ITI) to Am(VI)
using ozome. “) Direct oxidstior in acid solution had not been success-

- ful: with ‘gzone. _.) A re-examination of -the Am(III)-An(IV) potentials in
a.cid:!.c and ba.sic solution suggested cond_it ons under which this oxddation
:'_should be favorable, i.e., neutral or slightly alkaline solutions, While °

‘the E° value for the Am(III)-An(IV) couple in'l M H' is -2.4k volt, the

. EB value should be about 2 volts more positive, about -0.4 or -0, 5 volt

(1 MoH ). 1) This estlmate deperds prima.r:_ly upon whet is taken for the

 ratlo of Am(OH),/Am(CH)s sdiﬁbilities-. Exberiméﬁtahy, 1t was found that

at ap'pfdx*.na‘l';e"neu'bral ty, (pH 6= 9), oxidation of Am(OH)s takes place

with ozone. Hypochlor,.te w111 also cause oxidation but no Am{VI) is

: observed Pter acl dificauion, possiply due to reducvion by chloride iom,

”"'he ozone method (which 1s most effective at 92°), tekes abcut 1 hcur for .
écmplete oxidation cn a several milligran scéle. Following the ozone treatmert,-
one may slowly add acid {(while continuing ozone flow) to obtain Am(VI),
o The hexavalent state apparently sancws scme amphcte;‘ié behavior; wher
hydroxide is edded to en acid solution of An(VI) (constemtly dubsling
ozone to maintain oxidizing conditions), a derk brocwn precipiltate forms
ebout pE = 7 but redissolves to yield a light yellow scluticn at pH = 13-1k.. -
If an Am(VT) soiution is made basic without czone present, cornsiderable

l ,80) No cheracteristic Am(VI) structure is

. “ob'served on spectral stud_Les cf-the. ca.sic solution but the'"no*_ua.l" Am(VT)

l_redtic.'l".iﬂ*x to Am(V) occu's.(

. epsorption spec‘t*'u:.l reannea.rs on aciu..:f‘ication T“Le snectrum of Am(VI)

in bica.r'bon.a.te or '.f;n ‘carbonate solution is m.e.rkedly different - frcm itg
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appeerance 2= acld solution. Thls 15 samevhat at variance wilth the

behavior of Am{IZI) whose spectrum is eltered very little from acidic

scluzion, <o A={CH)g slurry, to 6 M KoCOa scluzior vhere Am(ITI) forms
-} sa_'_;u'::le scTalex. . )

Solfu= americyl acetste 1s the arly sciid campound of Am(VI) which
hes been exam'ned carefully. It 1s isomorphous with the sodlium acetate
double se2te cortaining hexavaient uranium, pZutorium or neptlmim.(eo)
T=e corpoond bes he formula NaAmOo(CgEs0z)s, is light yellow in color
ez Ees e solubisity of 0.67 gu/. in 3 M NaCaEsOp.' ") Wo solid oxlde
or T_uoride of she (VI) state hes been prepa—ed.

The hexavalent state also undergoes self-reducticn as in the case of
An{V); novever, —he rate of reduction of Am(VI) To Am(V) is more rapid
taea thez ¢ An(V) <o Am(III). The self-reduction rate of Am241(VI) is
Cc&. Lg;_,.’hc:'.:r.(se's-”sa) As with An(V), this is essentislly a zero order
reec-ior, proportionsl only to the total aloha emitier present. This
falrly repid reduciion rate witk An®4’ naa interfered with preciae studles
on the (VI) stete. The use of long-lived Ar®*® will allov more accurste
elucidation of many fecets of Am(VI) chemistry. The Am(V)-Am(VI) couple
1s reversible and Am(VI) is also reduced more rapidly than Am(V) by chenm-
ical —eagents that will reduce both, e.g., 3202.(25’55) Both n:l.tr:l.'i:e( 2e)
gnd c‘:.lcride(s) reduce An(VI) repidly to Am(V) without reduction of Am(V).

7. Spectre of Am(ITT), Aa(V) gad Am(VI)

A2 cf the agueous valence stetes of emericlum have characteristic
spectra. The varlous mexims are of such weve length as to allow all three
eclution velence states 'i';o be determined simitteneously. In Flgures 1,

2, and 3, <the spec-ra are shown and Teble IT idists the princlpsel maxima

ard the molar extinction coefficlents of each. The coefficlents were
deterrined in slightly different medie and with different types of irstru-
mer=e. It lg no:t surprising that slight discrepanciles exist. Very
significant chaages.in extinction coefficlente are noted in higher comn-
centraticns of complexing scids suck es EF, HCL, EzS0, end ENOg\ >2="r38,%%,57)
and must be coneldered when using spectrophotometric teclmliques for

smericium determination. The inmtense Am(ITI) maxima ex 5027 R does mot

_cbey Beer's law at higher americium concentrations (epparently en instru-
mertel effect).

Tt should be noted here that the acticns of Am®4l elpha radiation
oo soluslons can csuse campllicating effects 1n ordinery spectrs. The
self-reduction of Am(V) end of Am(VI) has been menticned. Even in the
case c2 Ac{III), radioclysis producte affect the spectrum at short vave
lengrhs (< Looo 8),(®%) Reg:c-;i.c)m of perchlorate ion has been cbserved

in concentrated solutions.( 2

-
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TADLE IT
ABSORPTION MAX-MA AND MILAR EXTINCTION CCOEFrICIENTS FOR AMBRICIUM

1 € Ref, ...  Meldis

An(T) 5027 3% (€3) (n)
5029 368 (uL) ()

5032 378 (38) (c)

5027 408 (k) ) (e)

8120 62.6 (k) ) (»)

8110 &4 (38) . (c)

a160 69.2 (62) (£)

8122 68.0 (k) (e)

8110 65.0 (57 (&

Aa(V) 51351 45.6 (63) (a)

. 51L0 Ly.1 (38) . {e)

51L0 L L (56) - (a)

7151 59.3 (63) (n)

T80 59.6 (38) ()

T150 56.4 (56) {a)

90 _ 6.5 (62) (r)

ety ~ 55 (k) (v)

7150 55.0 (57) (g)

An(vI) L0855 60.2 (63) (a)

6630 30.5 (63) (a)

6660 2.6 (38) (e)

9550 63.8 (38) (e)

9950 83.3 (&2) (£)

9uL5 | er.r - - () (o)

95LT 86.4 (L) ()

9320 75.0 (57) (8)

Medin: -

() 0.1 M EC1O0,

(v) 2.0 ¥ =ECI0,

{e) 0.1 X BC10,

(a) o.5 XM ECL

(e) 0.03 M HC10.; u = 2,00 with 11C10,
(£) 1.0 M ECIO,

(g) 0.2 M BECIO,



8. Purification of Americium fram Other Elemsnts

Wasre avallable, detailed procedures of separstion ara g:l.vén in the
listing following this descriptlve portion. However, since much of the
information hes not been written in the form of a specific procedure, e
gsneral survey of the results concerning purificatlon 13 in order hers.

If cne 18 faced wvith the gepsraticn of esmerlcium from non-alpha emitting
contaminants, the alpha activity of americiumr itself will serve ss a
quantitative check on the procedure, The 60 kev gmma assoclated with
An®4l 13 regdi'y detected and is a convenient method for following eme=icium
in both a quantitative ard qualitative manner. If other alpha-emit:iers

are presect, it 1s of'ten necessary to utilize an alzha energy analyzer to
discriminate the americium fraction of the -activity.

-°  Purification wili be dlscussed below under thrae ssparmte categories:
(a) where americium is present in trscer quadtities, (b) vhere mmericiur
is present Ir m!11g-am quantities and 1s contarinated with ca. & 100~
fold impurities, end (c) vhere the americium is present in milligrsn to
gram gquaatities but is ccntamfnated with ce. 2 1000-fold excess of
impurities, These distinctions are somevhat arblsrsry of necessity srd

a technique which will be dlscussed for are scale might be just as suitsbla
for ancther when considering & particulsr problem. Same chemlcal resscr-
ing end imtuition should allov a reascnable declsion a3 to which teckmiques
to employ.

(a) "Trecer Scale Ame=licium or Curium

Biemith phosphate which wea the hlstoric co-preclipltation reage=t
Zor plwsoniinm w1l gleo car~y arericiunm from 0.1 -~ 0.3 M HNOs. Tapurit:ze
such as calelun ard megnesium are cot carried. Its use for the separeticn
of erericium from urine is discussed in the Jrocedures.

With trecer quantities, lanthsnum provides & convenZent carrier fcr
aoerdciun(ITI) or curlum(ITI} in precipitation reactions. GQuantitetive
oxtdation of Ar{ITT) to Am(VI) in dilute ecid is ckrsined with persulfste

- - -a -
even gt americlum corcertrations as low a5 10 M. Such a tecknique caxa

{a4a)

gerve to separate smericium and lsathenumn, es well as emericivn foom
curium 1= tte oxidation of emerici:m were foliowed by eddition of flucriiZe
<o precipitate curfum/lsathamm tri::.uorid.e.(ao’ os,ea) Lanthamm oay also
be geparsted from emericim and curium by s 15 M ECl Dowex-50 resin col-
(34,33) or a 5 M NE,SCN Tovex-1 resir co!.lmn.(‘ae)

Ton exchange ~ech=iques proviie ~The mocst powerful tocl TG separste
tzacer (snd mac=o) quantities not cmly of are=fcfim and curlir Tur- also
the transcurium el'.-.ﬁ:m:ts. As gimple, hydrated catioms in dllize mi=erst

ecids, trivelent americium and curiun are *ightly bound 9 ecaticz resins
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suck es Dowex-50. Distribution coefficiente es large as 3.86 x 105
_(resiz/equecus) have been measured for americium in 0. ik nc:Lo.,.(_’T)

The trivelent sctinides elute ahesd of ‘the la:ltnaniuea fram Dowex—so
resir in 13 M HCZ (s4,33) but there ie- little tendency for smerjclum or .
curiun to sbsocb onto gnion resin Sram hydrochloric acid medis. BSeveral --

_'workers‘ _B es, 70) have ixvestligated the behavior of americlum and curium -
in rinersl acids Toward Dowex-1 and Dowex-2, Their work shows that
emericium and curiun are not significantly ebsorbed (& 1 column volume)

" on these aniox resins fram 0.1 M to concentreted HClL, HaSO, snd HNOs.

Tbe gbsorption of Am(ITI) and Cm(III) an Dowex-1 fram concentreted
egquecus solutioms of chloride, 32’3:_5_)_::1‘;_1_1.‘:.(;(37) and 't.hiocya.ns‘r.e(u’n)
salts contrasta etrongly with their lack of absorption fram the correspand-
irg acids. A ciean separation of americium fram lanthanum has been obta.'l.ned.
using Dovex-1 end 5 M FE,SAN. ®*™) Zor a single betch equilibration,

- geparetion factors of 30 for emericium=-lanthanum and 3 for smericlum-
yvterbiwa vere found in 5 M RE,SCH end Dovex-1.'”2 Surls end Choppin' ™

- repart velues for-the disiribution’ coeflicients-between 2 M NH.SCN end
Dowex-1 for 18 Lf end 5f elements and alsc report distribution coefficients
2or axericium and éurcpium over a 1 -y M thiocyanate concentration range.

Several cation exchange systems particularly sulted to tracer scale
- separations ol emerlclum &ud curi'tm and transcurium elements have been.
utllized, Claselcally, buffered citrate solution wes used, () but this
reasent has been superseded by cthers glving better separation. Fram

" Dowex-50, the eluamt 20% erbyl alcohol-satd. ECL'®®) gives an excellemt
actinide-ierthanide group separaticn alang with a somewhat better imtra-
actinide separation than 13 M HCl alcne, A method for the recovery of
americium end curium (end transcurium elements) fram cyclotron targets
Les beea stufled by Chethem-Strode. ”®) Briefly, this separation dependa
upon ebsorptica of Am(ITT)-Cn(ITT) on cetion resin fram 1 M HC1. Washing

-with this eluart removes alksll metals, alkaline esrths smd silica. The
_americium and curiur are then eluted fram the columm with 6 M HCl. ILittle
- eeparation of emericium and curlum is obtained but excellent resoluticn
fram the 1light aad heavy lenthanides can be realized,
A gresgt deel of informatlon 1s mvallsble cone the use of -
buteered ammoniun lactate,'®® ™) amoniun vartrate,! ™™ ana
smmen dum glycola‘te.(n) Howvever, ammonium slpha-hydroxylsobutyrate
(pE & L) ms an eluant from Dowex-50'has been used almost exclusively in
recent years for Intra-actinide scpu:a;bions.(n) Most of the work with
alpra-hydrcxylecbutyric acld has been done at 87°., Other recent studies'’®
have showa similaer separation factors can be cbtained for amerdcium,
cur:hm and cald.fornim &% room LempeTrature vi'r.h lower crou :Ltnked. relin..

- - .



The resgent ethylemediamine tetrsacetdc acid (EDTA) and cation resin
syatems show even higher separation '.t'a.ctors for americium a.nd un:l.:m( &0)
than the alpha-hydroxylsobutyric system. However, the alpha-hydroxyisc-
butyrate system is generally preferred, perhaps because the grester solu- -
bility of the particular metal camplexes cancerned and the employment of
mo=e rapid flow rates. 81) The campound pentasodium dietkylenstriamine
pentaacetate (DPTA) has been shown to form very tight camplexes with
thorium. ) Other work indicates that DPTA camplexes plutantum as
expected and has certaln advazxtagee ccompared to EDTA for removal of
plutonium fraom the body.() The poesibllities of actinide separation
using DPTA are yest to be expiored.

Table IIT im & camparlson of ammonium glycolate, emmonium lactate,
amronium elpha-hydroxyisobutyrate and EDTA in vhich the peak positicns
are normalized to curium. The free column volume hes been subtracted 2rcnm
ell positions, Elutions of lanthanide tracers showed eseentially the same
behavior relstive to gadolintum' 7®%%) vith americtum eluting 11 about the
aam._e position as promethium, Hence, operation wlth these reagenvs is rot

useful as an actinide-ianthanide separationm.

There ere several solvent extraction technlques which have been used

on the tracer level. The Teagent thencyltriflucroacetone, 'I'J':A,(B"”a’) et

TARLE IIT

ACTINIDE PEAK POSITIONS WITH VARIOUS ELUANTS

Glycolate Fra) I.a.cta.teha) Buty:mte(-’a) Butm*:e(") EIZ!IA(ST'J
Element er er - er 25° 25°
- (Dowex~50x12) (Dowex-50x12) (Dowex-50x12) (Dowex-50xk) (Dovex-50x12)
(0.25 M) (0.L. M) (0.L M) (0.5 M) (0.cO1 M)
Ma —_— — 0.05 - _—
Fm —-— 0.2 0.07 —- ———
Es —_— 0.33 0.13 0.1 _—
cr 0.6 0.L1 0.20 0.19 0.18
Tk 0.70 0.65 0.15 0.37 —
Cm 1.00 1.00 1.00 1.00 ~.CO
Am 1.14 .2 1.5 1.4 2.Cu

a concentratian of 0.2 M in benrzene wil® quantitatively extract amerl
and curium from an aquecus phase of oE = L,J. Some separaticn f=am
lag-hamm is possible by operation at PE = 3.3; however, little or no
separatlon of americium fram curlim cer be attalned &t any acldi~y.
This reagent is one best reserved Zor tracer levels of activity sizce
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the unsstuTated TTA molecule 1s quite easily attacked by macro amounts of
elphe redlation and the cm:élex with-emericium does rot have a high
aalubﬂity.(n'u) Thie reegent does allow & canvenient tracer scale
separation ci ameﬁciun from plutonium since tetravelemt plutonium is
coarpletely extracted at much higher {ca. 0,1 ¥) levels of acidity. A
procedure has been develcped &7 for quantitative tracer separation of
emericium eaf plutonium, Another, slightly modified, TTA systam for the
sepsration of americium end y-trium tracer Las been repori'.ed..(ea) This
wes accarp_ished by extracting both americium and yttrium from en
aquecus phase Initlally pH = 5 into 0.5 M TTA in xylene., The americium
wes then etrirped fram the organic phase with an equel volume of 7% EDTA
at $E = 6..7., Twvo back extraciicns removed 74§ of the originel smericium
with no detectable yttrium.

Considerable work hes been done with the reagent tributyl phosphate
(TBP). Tr's ester 1s much more resistant to radistion than TTA end is
mo-e cSten used with macro Emours than et the tracer level, There are

- several experimental parsmeters o consid.e:r such as TEP coacentration,
acld and sslitr cancenmtratlion of the equeous phase, etc. Peppard end co=-
workers'®®) giudied the distribution coefficlents of lanthanides and.
actinides fram 12,0 M HCL ené 12.0 end 15.6 M ENOg imto undiluted TEP.
Other vork(so) describes the couaxter=-current separatlion of americlum and
curium Zram rltric acid soluticms into THP.

The extraction of americium with acldic esters of orthophosphoric
acid has been rencrted.'™’) The distritution ratio of smericium imto the
organlc phase cea reach values of 10° from agueous phases of dilute acidity
and Zractloral values for the fermal concenctration of the ester in the
orgenic pkase,

The extraction of Am(TII) fram 1 M NESCK into TEP'**) has been used
on the riliitgram scale (see purification section) for americium purifice-
tion., Thils system woildd also be useful wilth tracer quantities,

welsh'®) srudied the extraction of emericium(ITI) from aqueous
nitrate sciutlion by tx1outyl phosphate. The extraction 1s favored by
high nitrate ion conceztratlon and high TEP concentration in the organic
phese; 2= 1s reterded by high agqueous acldity. The extracticn of americium
is gree=ly influenced by highly charged cation nitrates, e.g., imto 35%
TP, 2.5 M alumlmm nitrete, x‘; = 1.2, vhile fram 5 M NaNOs, x: =3,

The solvent extraction technigues mentioned ell involve trivalent
americium. Reduction of Am(VI) tracer occurs so easily that use of this
velence state on a tracer level is not recamrended. DBoth catlon and
anion resirs reduce Am(VI) to Am(v);(“’“) hovever, Dowex~50 hes been

..used ic separate Am(III) from Am{V)_ without remction_p':r'.nm(v).(“}
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(b) . Milligren Scale Separationa
Methods, such as omes involving oxidation of Am(ITI) <o Am(V) or
Ar(VI), which are excellent for the separstion of americium om the =*iii-
g-am scele from only milligram amounts of impurities are often fourd
unsuiteble at higher impurity levels. Mary times a concentrsticn step
must be performed for volume reduction and separation of mi-ligram smcunta
of americium from tulk impurdities other than lanthernum. A trivaleat
lanthsnide-actinide fracticn may usually be concentrated by e sultsvle
cambination of fluorlde or axalste precipitations. Meost traraition elemenss

form scluble camplexes with tht(:se a:):ions end are removed. Several such
3,87

procedures have been reviewed.

Cocncentration by extraction from nit-ate medfs using THP kas teen
mentioned ebove and is & uselul technique. Colanan‘“) bas fourd that
LO% TSP extracts emericium from I M FH,SCK with e KO of ~ 100; if <ke
concentraticr of NH,SCN is 1 M or less, lanthamm tas & K:_ gbout &
factor of 10 less tken that for americium. (With thiccyenate gemerslly,
<he presence of high ecldlty or strong cx'clzing agerts zust be avoiied.)

Experierce on the isolstion of & 25 ngs of emexicilunm Ifrom grem amoun=a
of impurities is summarized 1n recent reports. ZSsll ané Eer:li:a.n(as)
repor= a procedure for the separation of 25 ag of americiur Zram 2 gm of
plutcnium and 0.5 gm each of uranium and iror. Flutonium ard uraaiure
were removed by solvent extraction. Americlum cxa’ate was then
preciplitated end metathesized to the suifete. A series ¢f ox‘dstiom-
reductlon cycles separeted ~he resldis® piutcalim., Floa’® purdficetian
involved the use of a 12 M HCZ-Dowex-50 Zon-excha-gs columm.

*The separation of 50 mg of Am®41” frcm gram amounts of plrboniun,
bismuth, iror snd sub-gram emounss of lantharum and other Impurities
was dascribed by hﬂ_'l.'tia.m.(sa) The procedure canaistad essextially cf
precipiteting the combined hydroxides using emmonia, disaoluticn of the
precipitaete 1n concentrated HC. followed by passage ~hrough Dowex-2 reg:in
whica ebecrbed iron sné plutonitm. The eSfluert was élivted =o L M TCL
&end sessed trirough a secané Dowax-2 coclumm wrich atscroed 2famuth. Tar-
theaum and.’amt_:riciu:n were gaparated using Dowex-30-sccrcer-rsted ECL.
Yaitc' ™) cerrred cut the isolation cf ca. 50 ng of smerielum Frar
grem quentities of impurities. After precipitatisn methods Por corcearrs-~
tion and par=ial purificetion, the use of botk the -3 M HC_-Dowex-30 ==&
the 5 M ¥E,SCN-Dowex-l ion-exchange nmethods are dessribed, gZiving detal’ed
anatyses cf’va.ric-'.:.s impu—ities af-e= each step.

'\.Feigell' se) ves faced witt =he problem cZ -ecovering asbout 1CO =gs o
anericium rom vesy “lhpr—e waate soluticns. Ee attampred to axtrest T:ze
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americiun with TTA and experienced preclpltate formatiom, but was even-
tue’ly eble to recover most of the americlum by other techmiques. (The
dlsedvesitages o TTA for maCTO quantities ot americi'nm ‘ha.ve 'been mﬂntioned
‘esTlier.) -- . - - . -

Once an emexdiclum rra.ction has been enriched to 'r.he po‘.tnt vhere
emericitm 18 the major comstltuent, any of the several_tgc_:hn:’n_.quel men=-
ticned i= the previocus section can be used. In addition to methods which
work at =—racer levels, methods lnvolving preciplitetion of carrier-~free
gmericiym and oxidetion-reductlion techniques 'becmg feasible.

On the speverzl mil igram scale, americium ig canveniently- pur'.‘lried.
fran cerbonate-soluble impurities (such as La(IIT), Cm(IIT)) by oxldation
of Aa(IZI) <o the insoluble Am(V) carbonmte from potessium carbanate (the -
conditions are described in tne Am(V) section). Dissolutiom of the Am(V)
Precipitete in dilute acid cen be followed by ozame axidation to Am(VI),
subsequent addition of fluoride ian will precipitate the lanthenide-like
fluoride-insclubles leaving Am(VI) in soluticn. The americium may be
subsequently recovered by sdding a reducing agent to the Am(VI) super-
_nesaat solusion (etill contairing excess fluoride) and :-!rec-:ipita.tins sner-
icium triflvoride. Trivalent emericium fluoride may be dissolved in 1 M
HROg=-satl. Ez004 or metethesized to the hgﬂraxiﬁe by trestment of the
fluoride precipiteve with 0.1 M KOH for 1 hour at ca. 90°, Alternatively,
An(IIT) can be oxidized to Am(VI) in ailute amcid with persulfate (for
detalls see section on Am(VI)) end the fluoride precipitation carried out,
Qne may recycle the emericilum 1n such an operation as necessary to cbtain
the deslred degree of purity.

Ion=-exchenge operations on the milligram scale are subject to same

~limltations. Copnsidersbly more cross-~contamination generally occurs
between adjacent elemerts (e.g., emericium end curium)- end it should be
_emphagized thet the separation fdctors given ih Teble TII are for peak
positions. Furthérmore, the gas evolu=ion ceused by the elpha redistiom - -
‘associeted vith milligram quantities often causes plugging of the columm
-from tutbles. Thle in turn necessitetes more repld flow rates which may
éowngrade the effectlveness o the separation. Kevertheless, most of

tke ilon-exchasge techniques menticoned in the previcus sectlon have been
used puccessfully on the milligram scale,

(c) M:1ligrams to Grams of Americium with Multifold Levels of Tmpurities

Unfortunstely (or perhaps, fortunately), chemists have cften had to
consider the probler of recovering smericium (or curium) from solutians
vherein the actinide ie present only as a "barely detectable™ spectroscopic
impurity. It has certalnly not been uncammen to encounter several gallcms



of highly salted "solution,™ perhaps ca. 15 M in total. cation __a_nd._de.nsity
~1.6. Such "solutians" usually have the color, viscosity and transparency
of split pea soup and invariably have a suspiclous sludge on the bottam

of the container. HNevertheless, theru may be americium contents ranging
from seversl milligrams to several grams wvhich somshow mist be recovered.
Glum as the prospect may seem, it 1s possibls to recover the americium
from such miserable madlas In reasansble yleld with only slight wear snd
tear cn the personnel concerned. Isolation of curium fram similsr medins
wvould be expected to be about as efficient.

There have been several achemes described which lend themselves to
treatment of such extremely impure americium solutians. Procbebly the
bulk of this work hss been oriented toward the recovery of americium
from various plant resitues which are by-products from the purificatiom
of plutonium. Since emericium is formed in reactors by the resctions
Pu22® (n,7)Pu?4%(n,7)Pu¢l § Am@4l, this americium Zsctope is contimually
encounttsred in plutonium progessing raffinates.

Obviocusly, same rreliminary step must lead toward the concentration
of an actinide-lanthanide fraction vhich may be followed by more specific
chemigtry. Successful carrylng of Pu(IIT) and Am(ITI) with calcium
cxalate fram sclutions contalning high concemtraticns of magnesium,
alunimm and celcium nitrates (total cation concemtration up to 10 X) kas
been reported cn & plamt scale.'®

I® the concentration of total cation 1s high, solvent extracticom with
TEP is widaly ueed in concentrating the americivm. The Impurity itael®
acts a8 the salting agent to insure hish extraction ccefficients. A
routine method has been reported'”>) using 305 THP in Gulf BT (Gulf BT
is a kerosene type dlluent socld by the Gulf Refining Compeny). This was
used to extract americium fram e dilute acld aquecus phase (ca. 0.1 M)
and heavily salted with aelkaline eerths, aluminum and sodium nitrates.
Distrivution coefficlents of 6 to 10 were obtained for this system. With
many . impurities, the use of & higter pH must be avoided aince prec’pita-
tZon followed by emlsification cean occur. Little or no separation frem
lantranides was obt-ained and considersble amounts of other lmpuri=les were
aleo extracted, but it served well as a convenlent concentration step Tor
the americium. The americlum wes recovered fram the organic pnsse by
stripping with water.

An axaiste precipltation was then made which furthe> cancentrated
the lanthanides, alkaline earths and americium fram other metals. The
" cxslate cake vas metathesized to the hydraxide by tresiing with 0.1 M NaCH
for 1 hour at 90°, ylelding a dense, readily Silterable precipitate. By
‘batchwise wasking the hydroxlde precipltate with 2 M NE,NOs, the alkalize |
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eexths were leached evay with little loss of sme—iclum. Following this,
the emexrlcium end larthanldes were seperased by lon exchange.

Another "ﬂ'port( ) describea the recavery and sepmtion of mriciln
gnd plutariur *rom soiutions of tyoleel campositicm: = 100 mg/liter;

An = 2 ng/liter end total catim (impurity) = 10 E. If the solution 1s "~
made 1.6 = 2.2 ¥ in §' end cortacted with 37% TEP, mly plutanium is
extracted. Afver trestment cf the plutcnium-depleted aqueous residnes
with base to bring the acidlty <o 0.13 M, emericium and lanthanides are
extracted with 37% THRP.

The separetion of americium from such cancenmtrates has been reported
by ORIC end LASL. One OFFL oancemtrstel®’’ cansisted of sbout 10 g of Az2ed
with 3 kg of lesthamum and smaller amounts of corwosion products. Two
geperstlion techmigues were used on this material:

(1) Pluilan of emericium from a 25% loaded Dowex-50 resin columm with
0.15 M citric ecid~~0.10 M dlsemmonium citrate—-0,3 M emmoniim nitrate,
DH = 3.3, gave a product containing 99% of the emericium with a La/Am
ratio of 1/100 or lese in cne fourth of a column volume. Approximmtely
9 g of emericium vas purified by this method.

(2) Elution with 12.8 M hydrochlcric scid fram a 20 to 30% loaded
Dowex=50 colimn gave 90% of the americium in two columm volumes of product
with e La/Am retio of ebout 1/L. About 1 g of americium was purified

by this method. (Note: Use of concextrated HCl in canjunction vith grams
of emericium snd kllograms of lanthanides requires many liters of 13 M .
HC1l so evaporate. This has deleteriocus effects on metal process equip=-
ment.) Later, a solvent extraction process for the separaticn of smer-
Jelum Zram large quantities of the light rare earths wes dsmonstreted an
e pllot pPlant scale.(aa) The process utilizes tThe preferential extmction
of emericiur imto 100% TEP from 17 M nitric acid. Americium is enriched
in the TEP by a Jector of 10 coarmpared to lanthanum.

A= LASL, separation of americium fram such amsricium~lenthanum con-
ceatretes utllized displacement anslysis with 0.1% citrate pH = § and
Dowex=50 resir. With miltigram amounts, a serles of head~to-tall bands
develop W-ich may be cleanly separated. (7,89) 1, 1o been Teplaced by
the 5 M NE,SCN-Dovex-l eystem which is mich superior.’ s

A ccumbinatiom procedure using Dowex-1 and NH.SCN <o separste smer=-
iclum from rere earths, iron, aluminium, mengmnese snd chramium is out-
iined below. An impure mixture of emericium, lanthamm, iron, etc. is
abeorbed “rem &{“ute acld on Dowex-50. Pmepage of 1 M RESCN through
the colurn removes lrom readily. The columm is stripped with 5 M RESCK
and the solutiion is fed dlrectly onto a Dowex-l column. Elution is



‘.contm.ne& with ‘the 5M NELL,SCN until, the rare.earths are eluted (Presence::'.
of rare earths in the effluent is conveniently tes‘ted by sddition of '
oxalate ion or emmonla.) If bulk rare earths ere present, ~ 20 ml of
Dowex-1/gram of rare earth 1s needed.

Chromium(III) apparéntly reaches equilibrium slowly in thiocyenate
golutions. It has been found ““) that when Cr(IIl) 1is removed from
Dowex-50 cation-exchanger with 5 M NH,SCN it is nobt sbacrted on Dowex-l
anion~exchanger if the chromium sclution 1s not gllcwed %o stend. IP-
the Cr{IIT) is allowed to stand in 5 M NH4SCN it is then strongly ebsorbed
on Dowex-l. Na.ito(s_‘) suggests passage of 2 M NH,SCN through the Dowex-1
columm to remove mangenese and aluminum pr"or to stripp:u:g americium from
the collmn with 0.1 M-EC1.

It has been mentioned(se as)

) that the actinides are zbsorbed oca N
Dowex-l anion resin frcm hishly concen*cra...ed LiCl. There are two
reported procedures which utilize this separation. Seperation of 1 gram
of americium-fram 100 grams of lanthanum using saturated lithium chloride
-(20 molal) end Dowex-l resin at room tempersiure was reported,( 1) The
americium 1s bourd to the resiz while the lanthanum is washed through.
Crane and Higgins'°2) lsclated thoussnd-curle quantities of curium®2

by using 10.-M LiGl-dilute HCL at 80° as elusnt from Dowex-l. A lanthmids-

. actinide sepe.ration using ‘hot (87° C) 8 M LiCl - 0.1 M HC1l ard Dowex-1 was

- “studied. 32) The la.ntha.uid.es come thru the colum first; and scme separa-
tion of a.m.ar:.cium and. curilm is obta.ined.. The emericium or curium may be

‘readdly desorbed by stripping with HCl. However, operation with these
reagents and macro qu.ntit" es of alpha-emi"'ter often suffers from the

... disadvantages of incree.sed neutron hazard frcm the (o,n). reection od

1j:t'.h:!.mn and the syrupy consistency of coacentrmted LiCL so_uticns.

A method developed at the Canadian Chelk River Project by Butler
and Merritt i00) has been used to sepé.ra.te grams of americium from kiloe
grams of felrly puie plutonium, The-bu_l_‘{ of the plutonium wes sepersted

. by precipitation of the peroxide, A hydroxide and flucride precipitatica

followed by anion and caticn colurms with HCL brought the emericium to

99.9% purity. ' '

Scme studies( ro1)

bave been done using molten bilsmuth to extract
emericium fram 'moltén plxrtoni_xm, ‘however, the conditions deserived did
<r:.c'rt.-g’:ive a high yield purlficeticn of. emeficium-p‘l_utonim. An esriiexr
repo*t ?_) describes vacum fractionstion of a.mericiun from plustonium

' and curium frem gmerd et using &ifferences in volatility. Althcugh the
ex?er..mental.,condiuans -desg:;i‘bed were somewhat difficult to malntain, -

-thisutype of separation‘ﬁ:ay have advantages under somz conditioms.
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3. Cusur
Carium, element 95, is the actinide hanglog of gadolinium. The
sinb_e valence of +5 in aqueous solution makes thie aspect of curlum ) .
cherigrry mch simpler to consider. Two other gtetes, (0) and (Iv) can.
be strained umder anhydrous coniitions. A more etailed discussiom of '

these valence staies is glven below. -

1. The Me+allix State = Cm(0)

Curium netel hss been prepared by reductian of CnmFa with berium
mesal va.:sor.(loa) Curium Is epprecliebly less volatile than americium,
The properties of the metal were studied wvith great Aifficulty because of .
the rafistion. The inmtense alpba mnd gamma radistion accampanying CaRé2
(162.5 day half-life; T.k x 10'® g/min/mg) render any menipulations with ..
thls isotcpe extremely harardous. The gamma radistion also blackens
" x-ray filr and necessitates the use of extremely small (< 0.5 microgram)
semocunts which decreases the accuracy of crystallographic measuremernts. -
-Witm.nthela.stfevyears, milligrem amounss of 17.9 year Cm®** have
become evailable and alrealy same of the early Cx®*® work has been
repeated and extended using the longer-lived isctope.

(44,202)

2. The Trivaleat State - Cm(IIT)

The trivelent stete of curlum is the only cne encountered in
solution. As a trivalent ion, curium is similar to trivalent smericium -
(and hence to trivalent lanthanides) and exhibits essentially the same
behevior toward group reagents. Fluoride, hydroxide, camlate, etc. are
all quentitative precipltents. A thermodynamic constant of ~ 0.070 has
been determined for the reaction Cocl™ m o™ - c1”.(39)

The exclusively trivalent state of curium in agueous solution can be
helpful in eeparazions. However, 1f cne must purify curlum from another
exclusively triveleat "lantharide-like" impurity, a method such as ian
exchange must be employed. Group seperation of actinides (trivalent)
fram lar=hanides has been described in detail; anion resin, Licy;(32:3%)
cstian resin, 13 M BCL;A>*3%) cavion resin, 208 ethyl alcchol - satursted
HCl.( ®) Although ‘probably not useful for Gr*2 in macro smounts because
of the effects of alpha activity, NE(SCQN, Dovex-1'2%'"") yould imaountedly
provewbeagoodmthod-orthe separation of curium from the lanthanides.

For the seperstion of smerieium and curium, several icn exchange
“techniques discussed in the tracer-americium sectlon sre applicable.

These are cltrate, ta.rt.ra.te, lactate, and a-hydroxyliscbutyrate.

Oxida':ian-redncv'un cycles can be used in a solution comtaining
gmerieium gnd curium, e.g., the americium can be aridized to the (V) or
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(VI) state, the curium remaining trivalent throughout L85 corsentra~

tion. of Cn®*2/ml is a critdesl fecrer in the oxidation of Am{III) to

Am(VI). Tt vas found that Cm®*Z concantreticns > 0.5 mz;ml preventad the

persulfate axidation of Am(III) to fluoride-soluble Am(VI).'°®>) om

lovering the Cm®*2 concentration tc 0.16 mg/mi, quantitetive oxldaticn o

Am{VI) ves obtained. Similiar experlemce wss reported by Crans and Perlman.(la")
The oxidation of Am{ITI) to inszoluble Am(V) in potassium carbomate

o . - ; (8,%4,53)
has been used by several workers

a3 a 3eparsticn fram curdium.
Tt scems leas sensitive to the alphe activity of CwS%2. Csncentrstions
renging up to J0.32 mg/ml were used in 2 M, 3 M snd savursred KzCOs
solution with the Am(V) precipitate containing 0.2 - 2% of the curim
afrer s 3ingle precipitatian.(ss)

A convenlent smell-gcsle separation for emericlum ard cvrlum irvaoivea
trestment of & slurry of the mixad triveleat hydroxides ia 9.03 M HaHO5
with ozone at 92“.(“) The americilum is oxidlzed ts the soluble AmiVI)
caomplex; the curium hydroxide 1s unchenged and may be separatsed by
centrifugaticn end dlssolved in any desired acid. Decontaminstion Tactors

from smericium of 2-3 per cycle can be obtained by tkis technique.

3. Spectrum of Cml{ITI)

The recent dis-::over:,r(los) cf prominsnt abgorption peaks In the rear
u.v. spectrum of aquecus Cm{III) using Cm®%* has snaliyticsl uses. The

spectrum 1s glven in Flgure L. The three major pesks cbay Beer's Law
end mey be used for qusntitatlve determinatiocms.

L, The Te-ravalent State = Cm{IV)

Only two campounds have been studled vhilch cortain tetravelers
. 2 . (108) {107)
cartum, the dloxlle, Cuds *°> snd ouf,. 7!

under strinzent cconditicns using cxyzen or el=mentzl fluocrine, Such

These are prepared orly

campounds were found to be iscstructursl with cxddes and flucrldes of the
other tetravelesnTt actirides., Attampted disscluticn of these compounds
resulted in the cxldation of vater and the immedistre appesrznce of

Cm({ ITI).

5. Separaticns of Curivm from Other Tlemerts

" Tetalled procedures will be glven 1n the fellowing section. Tk

1]

general rathods were menticned under trivalent cuxium.

Solvent extractlcn techniques with TZEP heve bzen spolied, For

w

- gvose removel of .lanthenides and sctinides, TEP extraction from salted
solutlons is effective. A ddstribution coefficient of ecs., 100 wes
" zesorted'l%® for curimm ints undilwred TEP Zrem an ajuesus pksse T

Nalldg and O.L M H10s5.
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IV, COURTENG TRCHNIYIES

-Alpha emitting isctopes can be determined by the usual counting
techniques and an excellent general dlecussian is 5ivan,elaa¥here.(m5)
Where several alphs emitters are present; use of an alphs energy anslyzer
is necessary.

As both an elphs and gamma emitter, Am®%l can be determined by count=
ing elther type of radlation. A method has bean reportedt* ®) for mbso-
lutely calibrating such comting ingtrumants. A detailsd procedire Tor
gamma cowting mmericium is zivem in the following sectimm.

Platimm 1s used classicelly for coumting discs tut these eare
expensive un'ess clesned and re-used, However, 3 = 5 mil stainless steel
(for nitrste solutions) end tantelum discs are in general uss. These may
ba -dlascarded after ome-use. Metal plates have the advanrage thet they
can be heated Inductively, Glass microscope cover glasses are used in
same lsboratories. Since they are of soft glass, they must be fismed
with caution.

V. COLLRCTION OF IETAILED RADIOCHEMICAL PROCEDURZS

PROCEDURE 1

'GAMMA COUNTTNG PROCEDURE FOR AM241

Source: J. Bubernek, M. 3. Lew, G, M. Matlack, Anal. Chex.,
30, 1759 (1956).

| _This procedure was developed for the determination of emerlciuz®®
in the presence of plutcnivm, It tekes sdvartage of the fsct that the
.- gamma t0 alpba activity ratlc for americiur®*® is mary times greate-
than it is for plutanium. Tt cannot be used in the presence of fiaselon
-products or vhere there has been an enrichment of the uranium daughters
of plutonium, perticulaxly 6.8 day U7,

Counter Calibration. Greatest sersitivity i1s obtalned wi~h a vell-
type scintillating erystel, such as Harshew 778 NaI(T>) crystal, coupled
to & 2 inch multiplier phototube (Dumont 6292). Tue phototube outyut,
atter golrg through a pre-amplitier such as vthe Model 205-B, Atcmic

- Instrument Co., is led irto a scaler whose trigger sensitivity 1s set at
10 pdllivolts. Under these conditiars gnd with ez americiun®%® sample
.. Treparesd as described below, a specific actlvity of sbouc 2 x 102 gome
" counts per mimite per microgram cf smericim 1s Pownd wnea the hizh vol:zage
for the phototube is se= in the vicinity of 1000 vcits. The exect volzage
-will vary from ane phototube to ancther. The speci®ic activity cof
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PROCIDURE 1 (Comt'd)

Tiutozium a= this volteze 1s epproximstely SC _cm:;rs per minute per micro-
&ar. TFor mexdimm stn:bi"_"cy it is desiveble ‘to set the voltage so that
the lower c'.._-c:‘:poim: ‘of <he counter lies in the valley between the 53.6
kev gaxom pesz of americlum®tl and that st 28 kev (the unresolved combina-
tion of the 25 kev gamma end the escape pPeak at 31 kev). This adjustment
mey te made, vithou: the aid of a pulse-height analyzer, by inserting

an are=icium san;ie in the well, =nd determining a "plateau” curve for
The coumter, ueing <he phototube high voltage as the variable, Plotting
tke difTerextial of thls curve ylelds the gama spectrum of the americium
. 9szmple versue phototube voltags, fram which the voltage for the desired
cut-ofI pcias msy be determined.

Cel’brate the counter with lmovn amounts of pure plutoniim and pure
- amaricium, preparing the samples as described under "Procedure”. The
Tlir-cairn e=sndard miet also be alphs coumted in order to obtain the
Florlimn apha to gamme sctivity ratio, vhich 1e used vhem psmples
cartefaing bo-h eme=iclum end plutcnium are gamma counted.
Procadure. The procedure gliven below 1s for samples vhich comtain

bozh amaricium and plutcmium. If anly emericimm is present, Ste=ps 1, L
and 5 mey be omitted.

1. Deterxine the total alphe activity of the sample by counting a sultable
aliqucr ‘n a 2 F-proportional alpha courter. It may be necessary to dilute
the panple before performing this step.

2. Trensfer 2 miliiliters o the sample or dilrted sample o a 13 x 100
mil 4qete~ test tube, being careful not tc leave any drops an the side
wvallas, If it 1e expected that 2 milliliters will give sn excesslvely
high gamms count rate, use a smeller aliquot, then add sufficient 1 M
nitric ecid to meke the volume 2.0 + 0.1 milliliters, BStopper the rtube
“wilth s cark. ) -

3. Place the tube in the well of & Type 'rranmhunal(m crystal, snd
garma count for a sultsble lengith of time.

L, If plutanium ls present, assume that the totel alpha activity found
in Stap 1 13 from plutonium and compute the corresponding gamma activity
from the plutaniim glpha-gamma activity ratlo,

5. Subtract this fram the total gamma activity to obtaln the smericium
gamma ectivity., Even 1f most of the alpha activity is smericium, the
assurpcion made In Step L will inmrroduce an srror which 1s never greater
than 0.2 percent.



PROCEDURE 2
IETERMINATION QF AMERICIUM IN FLUTONIUM FRODUCT SOLUTIONS

Bource: H. R. Bchmidt, EW-259%27, (1952), #1.80 (gh oTs),
_$1.80 (mr CZESS, based an work by )

H. ¥. Miller, EW-22267, (1951), #0.10 (OTS), ard

A. Chethsm-Strode, Jr., EW=-25205, (1952), ¥1.80
(ph org), #1.80 (mr ors).

Principle and Limitaticns. Americlum 1s determined in ~he presence
of large amounts of plutanium by cxldizing the plutonium quantitatively
‘to the fluoride-soluble plutanyl state and subsequently precipitating
-amarictim trifluaride with cerium fluoride carrier. In samples of high
plutonium to americium ratios, significant amounts of the plutonyl ion
are carried with the amsricium by mechanisms of adsorpticon and occlusicn.
The cerium~americium fluoride is therefore dissolved with zirconium and
reprecipitated fram a saluticn of greatly reduced plutanium cancentr=tion.

The entire procedure is carried out in the presence of 2 amall amount
of dichromate, which serves as e holding cxidant for the plutonium.

Reducing agents In the sample interfere with the dstermination and
must be eliminated.

Procedure. Pipet an aliquot conmtaining 1 x 10® total alpha 4/m into
a 3 ml. centrifuge cone and dilute to 2 ml. wvith 2 M HNO3. Transfer the
cone to & water bath and hest for 15 min. at 85-95°C.

Add four drops (250 pl) of 0.1 M ceric sulfate in 1 M HgSO, and
digest for 15 min. at 85-95°C. Remove the cane and cool to room-
temperature.

Add 10 arops (500 pl) of 27 M HF which has been previcusly treated
with Crg0; end stored in a platimm container. Digest the precipitate
for 5 min. at roam temperature, cemirifuge, and discard the supernate,

To the precipitate add ane arcp of 0,05 M Crz0; , 3 drops of 0.1 M
ZrO(NOs)z, and 2 ml. of 2 M HROs, Stir until the precipitate dissalves.
Reprecipitate the fluorides by the addition of 10 drops of the dichrcmate=-
treated HF. Digest 5 min., and centrifuge aa before,

Wash tha precipltate three times with a 1 M HiOy = 1 X HF solutian
previcusly treated with a few drocps of dichroumate, Slurry the precipitate
with a few drops of the wesh 1'quid and transfer to a platimm dise Zor
counting.
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PROCETLRE 3

DICERJMATT PROCETIAE FOR AMERICTOM

Szairce: J. Bubernek ead G. M. Matlsck, CMB-1, Los “Aiemos
Sclentific leboretor; - - e

T-is rrcoccedure hae been ueed for samples which comtalned suffilcient
redizsing agsrte ¢ ilmmsrisre witk tke method vhere cerium is used toth

gs *ke oxf8izing mgent snd cerTier.

1. Trarsfer =tz ssxrle, pot more taen 200 mlcersliters, intc & 2 miili-
liter cegtrifugs coze (Pyrex), &nd dliute to 1 miliiliter with 2 M nitrie
acid.

2. Add two éroge of lanthenum carrier (lsnthsrunm nitrate solutivn con=

taining 3 mlligrams of lsnthanum per milliliter), end 1 drep of 1 M

2. Stir well wiih platinum wire stlrring rods, remcve the stirring rods,
then place the cent—ifuge cobe in & bolling weter bath. Remove efter
2523 cinutes ead place the centrifuges cona in cold water to cocl to room
Tempsratirs.

L, A3d 3 tc L &rcps of 20 M hydroflucrie ecid,; stir well, end ellow to
stand Zor S rcirutes. (The hydrcflusric acld should comteln sufficient

dlchromete tc give a felnt yeliow colosr, in order tc coSunteract eny

reducing sgerss in the bydroflucric acld.)

. Certrifugze Zor 5 minutes, then remove the supernstant.

(A NN |

. Wash the precipitsets with 1 milldiiter of 2 M nitric gcld = 1 M
hydrciiusric acid mixture contsining & smell smount of dichromate.
Cantr=lfuge 5 minutes end &iscerd supernstent.

7. Hepeat Stes o,

(b

. Sluz=y <hs sraclpitate with 1 M pitric ecid, trensier quantitatively
T9 & cleen platimum plste. Eveporate to dryness, then hest Tc e dull

- o -~ 1 - - - -
red. Count in & 2 7 proportionmel miphe chember.



" .PROCEDHRE L.,

'mmm‘@mn@nmmm
Source: T, Bruce, AECL-CEDC-805, (1958), #0.50 (AECL)

Limitations. The msthod is not suitabls for sclutions having very
high Pu/Am ratios ar vice versa. Uruniumg will not interfere but s
correction is necessary for ths alpha activity of ureaniim in the americiom
sources. Occaslonal checks, using solutions of known plutonium and
americium content, are nscessary.

(a)  'Zirconium solution: Dissolve 1.8 grams of sirpanium axychloride in
-500 ml. of 0.1 M HCl. Cmmmumtthmiutos

- bottls. Mdmimmmumilaboutlldml

(b) Phanyl arsanic acid: Pram-.ut:ntaduolntim m.ommw
wmmnmmmmloouatmtm.
(c) Wash solutian: "10 ml of satursted phemyl arsonic scld soluticn made
up to 100 ml with one molar nitric acid solutiom,

Msthod.

Step I: Accurately pipette an aliqict of soluticm, conteining shout 108
counts of alpha activity, into s 2 ml cemtrifuge tube. Rinas the pipewtte
twice vith molar nitric acid solution. Add ons érop of sircanium carrier
solution and dilute to ane ml with molar nitric acld sclution., Mix thor=
mmmmm-usmmlmaniemdsomum. Let
Mforabarhﬁvamim:hutodlnvmmdmmtouttla then place
thacmtrm:aatuhinaboﬂingmbﬁhfarﬂwnﬂ.uuuutomﬂﬂe
-thepred.pitato. Cool and cantrifuge. for several mimrtes. Transfer the
supernatant to & 2 ml volumstric flask ard wash the precipitate cmce vith
10 drops of wesh solution, Centrifuge and transfe= the-wash to the 2 ml
- volumatric flask.

Btep II: Make the supernmatant solutiop up to exactly 2 ml., Accwemtaly
pipette an aliquot of ths supernatant, contelning less thsn 300 pugms

of uranium, oo a stalnless steel source tray. Rinsa the pipetts twice
with diluts pitric acid solutian. Add sufficlent concemirsted samonium
hydraxids to neutralisze the nitric acid. Eveporats to dryness, then
dacompose the salts vith gemtle hest. Ignite and count the source with
sn alpha counter.

Btep ITI. 8lurry the precipitaste with a few &rops of vater and tranafer
to a.stainless stéel scurce tray: Rinse the centrifuge tube and trarsfer
Pipette several times with veter. Neutralise the nitric acid with ’

mmmadmimlwﬂ:uﬂde. Enpuru:cato drynass ':hm.hu:l-. genily

- EA



PROCEDURE 4 (Comr'd)

To decomsose the srmozium nitrste and zirconium chelste. Igonite and

court ths sgurse with &n =lpbs COUNTETr.. .

Syxbcls: T sap = C@ml Per source of eupermatast,
A sup = sliguot =T supermatant in micrclit-es,
Ag = gliguot cf origine® sclutlon in micrciitres,
T = micrograms of uraniunm per scurce miitiplied by 0.75,
oo = com per scurze of preclpltete
Atericium: (2 sup - U) x EJ'—;—I— x ]—'J-Z(f = cpm amerilclum per ml of

original sclutiom.

00 .
Flutszium: Copt x %— cpa plutonium per ml of orlgimel sciutiomn.

FROCEDURE 5
CEEMTCAT PROCETRIIRES USED IN BOMBARDMENT WORK AT BERKELEY

Scurce: W. W. Meinke, AECD-3084, Decl. 195%, F0.20 (o0Ts)

Element separsted: Apericiunm Procedure by: K. Street

Target meteriel: (RHg)zPufg ~ 10 mg Time for sep'n: ~ 1.5 hr.

Type of btbdt: 607 and 184" Equipment -req'aj.re.d: 50 ml besker,
1 and 5 ml centrlfuge comes, 2 mm
by 5 cm cstion exchange resin columm

Yielé: ©Detter than 5%
Degres o2 purificarlon: Eldminetes all cther actlivities except Cm by
factor ¢ ~ 2%, DTecontaminstion fram Pu ~ 108.

Advartegss:. It works.

(1) Screpe tarze: mete=ial intc besker and dissclve inm 1 ml 16 M HNOg -
-&and C.5 - sat. HgBOg.

{2) Wash intc IS m. cone, sdd C.2 mg Le — snd ppt with 15 M NEGH.
{3) Cemt—ifuge, vach, end dissolve inm 10 M Eﬁosi- C.03 MFe ' . Add NaBi0g
&nd heess at ~ T0° for S min. D:\.Lutetc}H:‘LnH and add HsFO, to 1 M,
Ceotrlfuge =nd —rensfer supnt to clean cone.

] 7Tc suprt aid "precxidlzed HF” te 1 M, centrifuge and wesh ppt,

(5) Siu=ry ppt end transfer t0 5 ml cane. Dissolve ppt (LaFs) in 1 drop
8T E33Jz &al 2 Zrops ecme. HNOs. Add ~ 0.5 mg Ba boldback, ppt vith

%



" FROCEDURE

\

- (Comt 'd)

(6) Repeat ateps (3}, ('-'4-), and (5), adding~ 0.5 mg Zr"  after dlaselvirg
prt in HHO5 at start of step (3).
{7) Diasolve in 2 drops 0.5 M HC1O, end transfer to 5 ml cone comTaining
25 A resin., Stir for 5 min, centri_‘"@.and Temove sSuprt.
(8) Tranafer both batches of resin to a 2 mm x 5 cm lon exchenge colum
that has besn washed with ~ 13.5 M HCI. Elute with 13.5 M HC1 at a flow
rate of ~ 1 mi/om®/min. Am cames off at 37k to 1 ml.
Remarks:

If target meterisel has been heated excesslvely it may De neczesssary
to fums with HzS04 1n order to dlssclve it.

Pz-eoxidized HF 1is prepared by a2dding small amcucr of KMnd, to EF
until coclor persistsa.

PROCEDURE &
CHEMICAL PROCEDURES USED T BCMBARDMENT WORK AT EERKETEY
Source: W. W, Meinke, AECD-308L, Decl. 1951, $0.20 (OTS)

Element separsted: Curdim Procedure bty: K. Street

Target material: (NH()zPuFe ~ 10 ng Tizme for sep'm: 1.5 to 2u hr.

Type of bbdr: &0" and 184" Equipment required: 350 ml beaker,
15 snd 5 ml centrifuge ccnes,
2 mm X 5 cm cetiosn exchsnge reain
column + 1 mm X 12 o2 cetion sxchange
co_umn.

Yield: Better than 5C%

Degree of purdfication: Eldminstes £11 Strer actlvitles by & factor ol

~ 10°. (Am tTc varying degree)

Procedure:

(1) Screpe target matsrial into besker and dissclve in 1 ml 16 M TMia

(2) Wash iz=c 15 ml ccne, add C.2 mg L& snd ppt with 15 M NA JH.

{3) Cent—ifuge, wesn, snd dlsscive in 10 M HNO, «0.03 M Fe . Add
N&BiOg ard hest &= ~ 70° for 5 mia. Dilute to 3 M.in H srd add HsP0,

o 1 M, Centrifuge snd —ransfer surnt t5 clesn cone.

(L) To supct add "precxidized TF" to 1 M, centrifuge and wesh pt.

- {5} -Siurry ppt acd transfer to 5 1l come. Iisscolve pot (LsF3) i3 1 drco

- — - - - . - - P — - -
sar HgBO3 snd 2 drops conc. Mi0g. Add ~ 9.5 mz 38  hoidback, ppt with

i3



PROCEDURE © (Cont‘d )

e

, edding ~0.5 mg Zr after dissclving

{(T) Tisszive Zn 2 éropz G5 M 2220, snd trensfer te 5 mi come contelning
2% x resir. Stir Zor S5 mir; ceptrifuge end remcve supnt.

figw reze 25 ~ 1 'ccf min.
(9] Eiuticz vizk 1Z.5 M
bovever, A= Iz sliuted

obrain sarpizs —ich

< fums

Tra-sfer ©oth batches of resin to &

hes basn veshed vith ~ 13,

sligh+ly snsad of

M ammonium citrate et §H

batch of resin used snd o

T +—srgst matsrisl hss

with H589, in order o

2mmx 5 cm lon exchenge columm

S M EBEC1. Elute witk 15.5 MHC1 &t &
Am ccmee o7 st 3L to 1 ml.

HT1 brirgs off Am and Cm st ebout the aams time,

Cm end conseguently ome cen

1n Am snd samples —ich 1o Cm.

ticn of Cm from Am it is neceasary
3.05.* Time cof
ra

quires fram 12

TO TUn &n
elutlon varies
to 2k hr for e

becn heated excessively it may be necessary

diasclive it.

Precxidized HF 1s precared by sdding small smount of KMnGg to HF

until cclor tersiste.

STEARATION OF

D. T,

Source:

Perpard and G. W. Mason (to be publisghed),

PROCEDURE 7

Am FROM Cn BY SOLVEITT EXTRACTION

Y

Argonne Nationsl Leborstory, Lemomt, Illinois (1 959)

Thils methed utillz
of HDEEF(DIT) (3i{2-athyl

the preseacs of trilvalent

iz procedire be re
sometime

cseffici

up in 5-10

process is > 95% with respect
e of Am -~

eg the extractablliiy of Ami{VI) into & eolutlan

hexyl) orthosphosphoric acid) in tcluene in
Cm{III). It is recammended
served for mecerc emcunts of americium since

s Jifficult to malnteln i en oxldized condltion.
° Zor AmlVI)

species suckh &5

ent, E_, 15 ca. 1000. The efficiency
(=

t6 recovery of americlum.

Cm is eveporsted to dryness in e steam bath,

ml of 0.1 M HN03. The solution is mede C.1 M with

-
Tespect tTo fKS.;,l 2520g, end wermed to BO"C for 20~30 min., following

gn Ice bath for 3-4 min., then lmmediately extrscted

acbutyrete vould glso be sdequate.



PROCEDUEE 7 - (Cont'd )

-2. The aquecus phase 13 coctacted twice for 3-5 min. intervsls wvith
separate equal volumes of pre-axidlzed 0.3 M DOF in heptane. Pre-oxida--
tion of the soivent 13 aceompliahed by agitstlon with an zqual volume of
0.1 M H\Og + 0,1 M (RH,)28z0g for appraximately 30 min. just prior to
use,

3. The two organic fractioms are eecparately scrubbed twice for
30 sec per comtact with O.1 M HNOs + 0.1 M (NH,)g520g. The volume of
gcrub should be 1-4 to 1=3 the volume of organic.

L, The Am is then re-exiracted by comtacting the organic ayer
with 6.0 M HNOs containing a trece of HgOn.

5. It 18 important to wesh both the originsl aqueous (Cm soluzicn)
and the final re-extract (Am in 6.0 M ENOs) thoroughly with heprane
directly after the extrsction is campleted to completely remcve traces
of HIEHP.

PROCEDURE 8

THE OXTDATION OF AMERICIUM TO THE SEXAVALENT STATE

Source: M. Ward end Q. A. Welch, J. Chem. Soc., 1954, 4038

"In most of the experiments the percentmge of sexavelent americium
was followed by making use of the *act thet, unlike trivalent americium,
it is not copreclipliated on lenthanum fluoride. In a typicel experiment
_ in vhich 994 axddation was obtalned, the americium soluticn (comtaining
2 x 105 @ &/m) was pipetted iato & 3-ml centrifuge tube, and mads 0.3 M+
with respect to nitric acid, the final volume being 1 mi. One drop of
10% silver nitrate* and 8 drops of 5% ammonium persulfate solutian were
added and the mixture wes heated in bollfng water for L min. - A frrthe-
8 drops of 5% mmmonium persulfate were added and the tube heated for a
further 2 min, Lanthanum carrier {0.5 mg) vas addsd as ritrate sclutica
and the uroxidized americium coprecipiteted on lsathamm fiuoride by *he
additian of ammonium fluoride solution. The emmoniim Fluorfde was
treated with argentic nitrate Just before use toc prevent any reduction
of the americium by impurities in the Zlucride. Tue lanthenum fucride
was cextrifuged ocut, then wmshed twice, and 1ts americium conteat
. determined by alpba-counting.

" ¥Editqrs' Note:
We recammend 6.1 M HNOg for the axidation ani do not believe the
silver nitrste caialyst I8 nedessary in <bla cxddation, See Prceeirre 7.
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PROCEDURE 9 .

AMERICIUM - CURTUM FURITICATION

Sqarce: R. W. Hof®, E. K. Hulet,-end G..H. Coleman, .
. Ernest O. Lmance Rediation Iahura.':.pry, Livermore,
California (1959)

Tris procedure was developed to purlfy tracer quantitles of isctopes
o americiur and curium from s mixvure of fission protucts and lighter
actinides. Ko stiempt was made to rroduce appreciable separaticns of
gmericium and cu~ium from each other. The isctopes to be Gstermined
vere generally An®4l, Am@4ZR gng C®%2., In the case of curlum, purity
requirements were such that a nearly massless sample be produced with
less than 105 8 d4/m from en originel semple of approximately 10** fissians.. -
The determination of Am®*2® required additianal decamtamination fram
fission product bete activity. Bamples camteining 102 atoms of Am™4=m
isclated from a 1.5-~dey old fission mixture comtaining 10'* figsiems .
" ehowed 16-hour beta d.eca.;;' over 2=3 half-lives. The chemicel yield of
the procedure, exclusive of volatilization of the sample in the final
gtep, wes sppraximately T5 percent. The yleld of the volatilization step
cen be varded but vas generally of the order of 50 percent. The separa-
tion time for two persans to run twelve samples is approximately elght
hours. . i
Btep I: If the isotopes to be determined are Am4l, AmP4RL, god CpP2, -
chemical yleld tracers of isctopicelly pure Am®*® end Cm®4* are added
in the proper amounts to the wnknown saluticn. Care should be taken that
the A®41/p®%3 gnd (m242/Cr®4* piphs activity ratios favor the lower
energy elphe particle (heavier mass isotope) in each case to ald in
resolucion of the alpha pulse enalyslis dsta.
Step 2: If the unknown -sclutiom (usually 25 ml. or less) 1s < 6 M EC1,
add an equsl volume 12 M HCl plus a few drops 16 M HNOa. Let stand for
10 minrses. Pour the solution on a 6 cm. x 6 mm. (@iam.) Dowex 1 X 10
ion exchenges column vhich hes beex washed with 12 M HCl contalning a few
drops of 16 M HNOg. Collect the eluate in e LO ml. cone and wesh colum
with 12 ¥ HCl cortaining a few drops 16 M HNOg.
Step 3: To the eluate and wagh, add 1 1/2-2 drops La(NOs)g carrier salu-
tion (10 mgs. La”>/ml.) plus 0.5 ml. Zr'" carrier solutian (10 mg./ml.).
Cocl in an ice bath s:nd. precipitete a hydratide with NH,OH. Ddgest,
oentr:Lﬁage end wash preclpitate with-dllute NH,OH, then HgQ,
Step L: Dissolve the hydroclde with 2-3 ml. 6 M HCL, transfer to e 20 ml.
lusterold cope, amd dlute to 10 ml. volume with 0. AdA excess cance




PBOCEDUBE 9 -(Cont'd)
HF, digest with stirring at 90° C. to preclpitate LaFg. Centrifuge and
wvash precipitate with 2 M HC1-2 M HF,
Step 3: Dissolve precipitate in 5 ml. saturated HgBOa~-6 M HC1 mixture,
Transfer to a 12 ml, glass centrifuge cone. Precipitate La(0H)a with
RH,CH, digest, centrifuge, and waah precipitate twice with Hg0.
Step 6: Dissclve the precipitate with HCl gas end saturete the solutica,
Load the solution (~3 drops) on a 5 cm. x 3 mm. (diam.) Dowex 50 X 12
colloidal form ion exchange colurm vhich has bean washed with 13 M HECL
solution. Allow the loading soluticn to pess into the resin. Elute tte
colum with a further volume of 13 M HC1 at a rate of 1.5 min./drop (air
pressure 1s geners'ly required to reach this flow rate), collecting three
drops per culture tube. Cambine tubes 4, 5, and 6 into a 12 zl. ccre.
Evaporate to dryness.
Btep 7: Repeat the column elution by adding 3 drops 13 M HCl to the &
material in the cone and locading this solution amto another Dowex 50
colwm as per step 6.
Step 8: Upon evaporating the combined tubes L, 5, and 6 to a amall volume
after the second solumn elutlion, transfer and evaporate the soluticmn on

a tungsten filament. The counting sample ls produced by volatilizing the

material in a vacuum onto a cne-inch dlamster platimum plate.
NOTES:
1. The volatilizatian 1s necessary to cbtain good resclution in the

alpha particle pulse analysis and is also an ald in obtaining reproducible
results 1n the beta counting.

2. Bame interference in the beta counting of Am2*=D wi'] be encountasred
f-om the growth of the Ep@? daughter of the alpha decay of An®*S, Ome
can readily correct for this growth of Kp22® activity, subsequenmt to its
removal during the chemical procedure.

3. Although americium-curium separstions found using this procedure are
slight, eppreciable separetions can occaslonally occur in the 13 M I3C1
Dowex 50 columm etep. Thus, tracers for both elements must be added if
one is to determine chemical ylelds of esach element accurately.
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PROCEIGHE 10
SEPARATION OF Am AND Cm FROM 1_*'Is'sxon PRODUCTS

Source: W. T. Carmall, Argom:e National laboretory, Lemomt,
IJJ_'Lno"s (1959) _ :

Tais report sumnarizes procedures used at ANL to se]n.n.‘i:e Am and.cm
Tram highly neutron-irradiated Al-Pu alloys. .
Following dissolutions of the alloy in strogly bestc soluticn, the
slurry is centrifuged to separate the bulk of Al, as soluble RaAlOan,
fram the solid residue comtaining the heavy elements. This residue ie
then @issclved in conmcentrated ECL and eluted through an anion exchange
resin which retains Pu and same transition element fission products, but
passes the heavier actinides end a large fraction of the fission Products. '
The eluate fram the anion column is evaporated to dryness, ‘taken
up i.n dilute aci d a.nd. pa.ssed th:oug‘n a catlon axc.hanae :resin. Undex
these conditions the heavy elements are retained cm the colm, along ]
with various fission product muclides. On elutiom with canc. HCl, three
bands of activity ere developed; the first and third in order of elutiom
are cheracterized by P-y active fiesion products. _Thq"cen;&,'a-pegk
, containe the heavy element fraction. '
' The henvy elemente can subsequently be resolved. eithgr 'by ian -
exchange or solvent extraction techniques. In both-cases the Am and Cn
ere elther separated in a cambined Zraction or as highly cross con‘bm.:l.na.ted
individual fracticns; however a high dagree of resoluticn rrm othar
actinides 1s cbtailned.
Fizel separstion of Am and Cm 1s accamplished by one of the two.
following procedures. Both require prior oxldation (see Procedure T)
of Am(ITT) to Am(VI) in the presence of Cm(III); in one case the Am(VI)-
is Bolvent extiracted away fram the Cm, in the other case fluoride is .
. added to the system resulting in the selective pptn of Ca(ITT).
With the solvent extraction procedure it is possible to obtain Am
“ of high purity from a mixture of Am end Cm; however this technique will
nct strip the last traces of Am from-an lmpure Cm fraction. The fluoride
. cycle 1s epplicable to the preparation of pure fractions of both Am and-
Since the samples of Am and Cm encountered at ANL are principally
1;1:1‘*"5(1-.i = 7951 y) and Gn‘“(ti = 17.6 ¥), assay is normally mads by
a-counting based on @-pulse analysis. However for small amounts of Am?43
- ine Cm24+* gample, e more pi‘ecise'analysis can be obtained by solution




L . . PROCEDUEE 10: den'i:'d.)

absorption spectra. This 1s becaus= the anargics of the a—particlau
emitted by An2*® are significantly less then those from Ca?**. Thus upown
@-pulse analysis, a small percentage of the g-particles from Am‘“’

lost in the Cn®** tail. Coupled with this; Am(ITT) haa a particularly
stmsabsorpbiunhmdat502.5mwbichaoesnab conflict with any of the
Cu bands. Thus cme should be able to detect 6.43 x 10 mg Aw™S/ml or
2.76 x 10° 4/m/ml by spectral meens.

PROCEDURE 11

SEPARATION OF ISOTCPES INCLUDING AMERICIUM AND CURTUM FROM
“iewi... . A KEUTRON IRRADIATED PLUTONIUM-ALUMINUM ALLOY

Source: M. Jones, R. P. Schumar, J. P. Butler, G. Cowper,
T. A, Bastwood and H. G. Jackson, Phy=. Rev., 102,
203 (1956) .

See Also: W. M. Manning, M, H. Studier, H. Diamond and
P. R. Flelds, US Patent 2 ,859,095 (1958).

- +.J. B. Butler, T..A. Eastwood;, H. G. Jackson,
" 'P, L. Collina, M. E. Jonee, F. M. Rourke
R. P. Schuman (ccmpiled by R. P Schuran) ,
' -1781,(1957) #1.00 {ors).

Essentially similar procedures for separating heavy elements fram
a neutran irradiasted plutonlum-eluminum alloy were used by Argonre
Natlomsl Laboratory, _Lewrence Radiation Laborstory (formerly University
of Ca.'l.tfornia. Ra.d:l.a.tiun La.boraf.ory) 2 Atomic Energy of Canada, Limited,
ard Knolls Atcmic Power Leboratory. The scheme ia outlined below:

(a) The aluminum cladding (~ 25 g) wes dissolved in 175 ml of 5 M
NeCH, .3.5 M NaNOg soluticn in a stainless ateel vespel fitted with a
stainless steel reflux conderser. Towardd the end of the reactian the
mixture was boiled to ensure complete solution. The soluticm wvas
cectrifuged ard the insoluble residue washed with KDE solutian.

(b) The irsoluble residue was dlssolved in 13 M HC1-0.3 M HNOs.
The larmthanide and actinide elements were then precipiteted firat as
fluorides and, efter dlssoluticn in EsBOs-HNOg mixture, finaliy as
l:yd:r:ox:ldes. The hydraxides were dissolved in §.5 M HC1l=0.1 M HNCs.

(<) - The plutorium wes. removed by' rassing the acld solutlon through -
anlan—exchange ‘resin colid: it Dowex <L, 8f croéa-linked,” 100-20C mesh
muedinacolmOszinmandEdnlms,thzﬂowra.ten.s
lmpermin N o S .
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PROCEIDURE 11 (Cont'd)

"(4) The transplutonivm elements nnupmm ﬁ_ﬁluim-pmht:t
" lanthan’de alements by cation exchange using Dowex 5Q 12% cross-linked
(0.82 cr® by 20 em lomg). The particTe size was selected by grading the --
hyérogen Zorn of the resin in an up-flow of water end the f=actiom R
with a setiling rate between 0.75 anf 1.2 cm per min was used. The
elution was then done with canc. HCl et e flow rate of 0.3 cm/min.

-(e) Individusl actinide elements were separated fram each other

Py eatlon exchangemThe trans-curlum isotopes were separated from the

"* bulk -of <he curiun om a Dowex 50 cclumn 0.78 cm® in area, 8.0 cm lang

gt 87°C using smuonium lactsta” (O.k M, pH = L.58)} ga the eluant. The

" final separatiom of trens~curium actinides was dome in.s colum of area
0.031 cx2, 5 cm long using white Dowex 50, 12% cross-linked, setiling

in water at a rate of 0.30-0.60 en/min, with smmonium lactate (0.k M,

DH = 4,18) as eluant. To obtain pura samples of einsteinium and fermium,
one o more of steps (b) to (e) were repeated when necessary.

FROCEIURE 12

PROCEDURE FOR THE-SEPARATION OF TRACER AMOUNTS OF TRANSFLUTONIUM
ELEMENTS FROM FISSIOR FRODUCTS

Bcurce: D. C. Hoffman, J. W. Barnes, H. L. Smith, W. R. Daniels, .
J=11, Los Alamos Scientiiic Laboratory -

The follow:.ng procedure was devised to separate the transplutonium
elements “rom dsy-old fission product samples comteining 105 to 107€
fissions. These elements are carried with yttrium or lsnthanfm fluoride
and hydroxide precipltates which are subsequentiy dlssolved and the EC1
~ solutlons passed through seversl anlon resin cclumms to remove U, Fp, Pu,
_ and most of the remaining fissian products (in particular,-Zr and Te).

'An etkancl-HCL elution from a cation resin columii-ls used to remove the
lanthanides., Flogl separstion of the individusl itransplutonics 1s accam-
Plisbed by elutlon from a catlon resln column with ameonium a-hydroxy=-

- dsobutyrate _J-'LL ’
- Reagents

Y carrier: 10 mg Y/ml [edded as Y(NOs)e'6 Ez0 in HZO]
La carrier: 5 mg Le/mi [edded as La(R0s)g*6 H30 in HZO]
‘Zr carrier: 10 mg Zr/ml [edded s8 ZrO(NOa)z in 1 M ENOal
Te carrier: 10 mg Te/ml [2ddsd es NaJTeOs in 1 M HC1]
*Editors' Note: ]

Ammoniun a~hydroxy-iscbutyrate i now used.
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_ FROCEDURE 12 (Cont'd)

Sr carrier: 10 ng Sr/ml [edded as Sr(NOs)z'l HoO in E0]
RR,O0H: canc
HCl: O.1 X, 0.5 M, 3 M, conc
10 M solution I: 0.1 ml conc HNOs per 15 ml 10 M HC1
HF: cone
HF=HNOs: equal volumes of 2 M solutione
HP-HCl: solution 0.006 M in HF and 0.1 M in HC1
HNOa: come
HaBOg: saturated solutlam
Phenolphthalein indicetor soluticn
Ethanol-HCl elutrient: 20% ethanol - 80% conc HCLl ‘by voltme) saturated
~ - with EC1l gas at room tempermture. (If a cold solution is passed
through a —esin column, bubbles will form, disturbing the resin bed.)
This solution should be prepared just prior to use.
Ammonium a-hydroxy-isobutyrate elutrisnt:
The stock solutlan of a=hydroxy=-lisobutyrlc acld is prepared
(usually 0.5 or 1 M), and kept refrigersted to inhibit possible mold
formation. Ths campound may be obtained fram Falrmount Chemical
Campeny, Newark, New Jersey. Fram the stock sclution, amall quan-
titles are withdrawn and partially neutralized with ameonium hydroxide
to obtaln elutriant of the desired pH. Tha pH of the elutriant
should be chosen so as to elute the actlvitles in a ccnvenlent volume,
congldering the column volume and the speed wlth which the separsticn
.mst be made., If 0.5 M lasobutyr=zte 1s used, the peak vosition in
FCV (free coluxm volume units) may be estimated directly frcm Tahle I
and Fig. 1. If stronger or weaker acid 13 used, the pH correspcnding
to & glven aniom ectivity (as shown in Fig. 2) must be calculated,
using <he relationshlp

JEDW) 107
BT CREN'Y
K, [0g,) - (a7)]

(A7)

107FE

vhere K, ¥ 107%-®

(HEA) = molarity of q-hydroxy-iscbutyric acid
(A7) = anion activity (ischutyrate) read “rom Pig. 2

5§
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PROCFUIRE 1= (Com= 4)

Aron excharnge resin: Bic=-‘.ﬁz:1c1i AZ 1-X00, 100~200 mesk for lerge columme
18 2C0-L00 mesh for <he amel? cclumm. The resin 15 gtored 65 &
Cezion sxXchange =mesins: Blc=-Rad AC 30-XL, 400 megh or Zimer. 7 The resin
iz zoepared by washing In succession with HzO, FE,OH, Ig0 end three
FCl. Tsr the ethensl-HTl1 columms, the resin 1s
stored as ea HZ1 slurry. Tror the slurry in Ez0, the resin should
be washed an siditionsl thre= timss with HG.
Lowex 50 catlon resin is used for the butyrate colum, Zram

2-5% D\Z (% divinylbenzeme which is proportionsl to cross-linkage),
depeniing on individua® preference snd what 1s avellabtle., Tima
required for sttalmment of equilibrium and volume required for
eluticn Increase with percentage IVB of the resin. The dsta in the
scoompenying g-ephs were taken with L% resin. The resin ehould be
very Zine, LOC mesh or finer; or I1f wet-grsded, that fraction which
settles &T & rete of 0.1-0.5 cm/min. If the resin has not been
specizlly tres=ed by the supplier, 1t should b= weshed thoroughly
with £ M emnonium thiccyenete, € M ammoniun bydircxide, water, and
rydrcehicric seid, then stored as the smmonium form in weter. (If
10 realn cen be found that achleves a Zood separstion et roam
Temperatu~s, 12% VB Dowex S5O may ususlly be used successfully with
& colurs heated to 80-093° C.)

Ion exXchenge cclumms: The columm tip is plugged wlth gless wool or sgand.
A elur=y of resin 1z introduced and slloved to settle , and the
superaete discarded. The r2sin 1s weshed by pessing seversl ml of
elutrisa: ~h-ough the cclumm., {(Just pricr to use, the butyrate

cclam 1s slurzied with the elutrient end allowed to setile agsin.)

A u=*fcraly 4= osited bed of resin, free Iraom elr bubbles or -

B
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successful elurlon. The free column

: _ Equipmens

Centrifuge

Elock for helding centrifuge tubes

Fisher turner

d and greded res-ne mey be obtalmed fram Blo=Red
d and Griffin Avenue, Richmond, Celdformis, For

zeparaticns, so It 1s recommended that several
e tried before discarding tke method.
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FROCEDURE 12 -(Conz 'd)

Glass stirrdng rods
Pt wire stirring rods
Transfer plpettes and syringss
Vacuum trap for withdrewing supernates (optiona.l)
LO-ml conical centrifuge tubes
3-ml canical centrifuge tubes
15-ml polyethylene test tubes
Ion exchange colums (fabricsted by fusing a length of glass. tubing
to0 a centrifuge cone and drawing ocut the tip;
6=ca x 2-mm I.D. glass colums
lh=cm x 2-pm I.D. glass columms
_12=cm x 8-tmn I,D. gless columms
Procedure
Step 1. To an aliquot of the sanple in a 40-ml cemsrifuge tube, add 2

'drapieachorZr,"TeandSrcazTiersmdldmponcarrier. Using

phenolphthalein indicator, edd NH,OH to prscipitate the Y(CH)s. Centriuge,
discard the supernate, and wash the precipitate twice with 0.5-1.0 ml HQ.
Step 2. Dissolve the precipitate in a minimm amcunt of 3 M HCL and
transfer to a polyethylene test tube. Add 2 drops conc HF per ml of
soluticn., (If the solution contains a large amount of Fe or U add HF

to decolorize the soluticn, then 2 draps per ml in additicn.) Let the
soluticn stand for five minutes, centrifuge, discard the supernats, and
wvash the precipitate with 0,5 ml of the 2 M HF-2 M HEQOq soclution.

Step 3. Disaolve the fluoride precipitete by sdding 1 drop satu-ated
H3904, stirring, and then add 2 ml conc ECl. Transler the solutiar to

a LO-ml glass centrifuge tube. Add 2 drope Sr carriler and then boil

the solution briefly. Precipitate the Y(CH)s with KH,CH, centrifuge,
digcard the supermate, and wash the precipltste twlce with 0.5-1.0 o’

Eg0.

Step L. Dissolve the precipitate in I ml 10 M ECl. Add > drop care ENOs.
Transfer the solutlon to a 5=-cm x 2-mm AG 1 arion resin columrn which hsae
been wvashed with seversl columm volumes of 10 M soclutiZon I. Push through
with pressure. After adding 1 drop each of Zr and Te cerriers, pass tte
solution through two asdditiona® 20-cm X 8-mm anion columris waich have

- also been tresved with 10 M solution I. Wash the centrifuge tube and

then all three columms In succesaion with two 3-ml porticns of 10 M

“salution-I. (The small colum contains the Pu, which can be desermi-ed

" _by.the procedure described in LA-1721.)*%

= Collected Radiochemicel Erocednres, (Radiocnenisr-y Group J-12;, I.
Kleinberg, Bd., LA-:721, 2nd Ed. (1958}, $4.§0 (0TS).
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FROCEDURE. -12° (Cont‘d)

ep 5. Add NELOE to the ecmb:l.ned 10 M sclution I fractions to precipitl‘te
Y(OE)S. Centrifuge, disca:.-d. the supema.te, and 'wuqh the m'ed.:pita,te twipe
... with 0.5 gl Eg0. -'_ - . ' o :
S"'e'n 6. Tiesolve the :precipi‘.:a.'be in a mini.'nm ammmt o:r 0.1 M‘ECl md
_ pass the solution through a l-cm x 2-m AG 50 cstlon resin column vidch
" haa been vpreviously weshed with several column volumeq of 0.1 M Hc:L.

. Waek the colu:n'wit‘h lm of OlMEC“_, ..henznlofthe OOOGMBF-OIM
- BCl- so"u‘-ion, and finally 1 ml 0.5 M HCl, .
Step 7. Usircg a transfer pipet and e mirimm of Ego, tmsfer the ca.tiun
res:l:u.“mthz l-c.m colum to the top of aﬁ-me-mDumEOresin _
colurm vhich ha.s been previocusly washed with several colimm volumes of the

" ethanol-EC1 el\:triant. After the resin has settled, vithdra:w the a:ce.s-
F20 and wash out the colurm a.bcnre the resin with e ma.ll por‘biun of
ethenol-HC1. Elute the activity with the 20% ethanol-HC1 solwtion uaina
su.fﬁcien* pressure to glve apprmd.ma.te.ly 1 drop every 45 ‘seconds.

" Collect the Gesiredfraction’ in s LO-ml-cemtrifuge tube:. -(Bee Fig.. 3"
Step 8. Place the tube cantaining the sample in an oi.'l. or steam bath.

end evepcrate to epproximstely 0.5 ml, using & stream of alr over the §
solution if. ra:nid eva.poratim is desired. 'Add e drop of. lnnthnmm nitra.te o
-solution (5 mg La/ml), end trensfer the sample t9.a 3-ml eentri:!‘uge cone.,

The £inal solution. shculd cansistoflﬁnlafa-JI-MHCl

Step 9. Precipitate La.(OE)s vith gaseons nnmnia or. eu'hma:l'.e-free R
nmoni\m hydroxide. Centrifuge, discard su;pu-na.te, end wash the pmipita.te
" witE 0.5 ml of weter.

Step 10. Dissclve the precipita.te in B Lew. d:cpa of 01 M Et.‘.l and
equilibrate this splutiun with s quantity of reein ﬁic.h il mll vith

. respect to the glze of -bhe columm. For example, if a 15-un column is
'being used, 2-4 mm of-the resin may be withdrswn with-0.1 HHCl and used.
“for the equilibration. Transfer the slurry carefully to th.e column

T reue"'\roi. and allow to settle. Withdrmiw the s‘u;pemtant l:l.qu.ld and discard

Btg . Introdnce earem.].'l.y sevenl ml of the d.utriant, 80 as not to -

- éisturb the a.ctd.vebanﬂ.a.tthet@qfthecolm A;_uplys.'u.ghtair

: pressure, 1f neceasary, to produce a ﬂow rate of a drop every 1-5 mdmrtes.
(Pressure may be applied with a 10-m1 sy:d.nse fitted vith & rubber stopper,

. % The emall eation colwmn wes used ss ‘an’ alternative to equilibrating

- . end washing the resin in e test tube and then'tranaferring the resin

o the top of'the column. It seemed to be more rapid, glve better
.decmtammtim and: neceuita'be less direct hsnﬂ:l.'lns qf the mther "hot"
-golutlon. et s ) .

.

¥ Essentially no separatiqn of Am nnd. cm wvas o'hservad. ‘in ‘t.heue eathenol =
o HCGL e...u'bims L




ST .- -- FROCEDORE 12 (Cont'd)

or, mors convenlently, fram a.fpreustu-e reduction valve attached to & source
of ccmpressed air.)

Step 12. Collect the effluant dropwvise an platinum plates or in l-ml
beakers. Assay all fractions eand cambine the drops which camprise a

peak. If additiopal chemistry is necessary, the butyraite may be dastroyed
by evaporating the solution to dryness, then destroying resldual organic
matter vith nitric and perchloric acids.

TAHE T
Separstion Factors with Ammonium o-hydroxy-iscbutyrate
(Cm = 1.0)

Element Relative Peek Posizion
Es 0.13
cr 0.19
Bk 0.37
Cm 1.00
Am 1.39
Lu 0.011
Yo 0.q16
Tm 0.022
Er ———
Ho 0.039
Y ) 0.069
Dy 0.076
Tb 0.1k
Gd 0.22
Eu 0.34
Sm 0.7
Pm 1.1
Na 2.3
Ce RN
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" --PROCEDURE 12 (Cont'd)
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RELATIVE ACTIVITY

~==Yb ELUTION POSITION SHOWN TO INDICATE RELATIVE POSITIONS Yb

OF HEAVY LANTHANIDES (NOT PRESENT IN NORMAL FISSION 7NN
PRODUCT SOLUTION)

| _——Rh WILL APPEAR IN THIS POSITION AS CONTAMINANT If NOT
COMPLETELY REMOVED EARLIER

] l e o

_ FREE COLUMN VOLUMES
Flg. 3 20$ Ethanol -Saturated HC1 Elutions fram AG 50-XL Cation Resin

"(9,9530) ST BHKIEDOSL



PROCETURE 13
SEPARATION OF AMERICIUM AND FROMETHTUM
- Source: R. S. Pressly, ORRL-2202, TID-4500, (1957), #1.80

-+(ph.-0rs), #1.80 (mf oT9).
See Also: 8, G. Thompson, L. 0. Morgan, R. A. James, a.nd.
I. Perlmen, "The Transurenium Blememts,” NNES IV-14B,
McGraw-Hill Book Company, Int:.J New York, N, Y.,
1949, pp 1339-1361.

A method for the separation of prcxnethimn from amgricium has been
developed. .Americimn remaeins soluble while pramethium fluoride is
selectively precipita.ted fram e solution of 3 M hydrofluosilic acid upon
heating.

1. To epproximately 100 ml of 8.0 M ENOg solution of Pm“” (~ 0.5
curies/ml) EaSiFs solution is added until the mixture is 5 ¢} to 3.3 M
H-SiFg. - . _

‘2. The solution is heated slowly to 'boiJ_‘Lns and boiled alcwly for

spproximately 20 min, The EaSiFg decamposes to glve hydrofluoric acid

and silicon fluoride. Both a.re volatlile and the excess of eacn is removed.

_ Americium is more strongly ccmplexed. by S:LFB than 1s Pm147, _The P47
:.preci‘pitates as- Pmﬁ‘s._ . : o C o

3. The granuler precipitate settles ‘rapidly a.nd the su’pernata.nt
_-iquid. is centrd_fuged to remove the precipitete. The precipitate is
washed with 50 ml of Hz0 a.ud the water rinse is added to the su‘pemata.nt
liquid. . .

L, Fifty'milliliters of sa.turated boric acld solution is added to
the centrd_f‘uge tube to slurry ou,t the precipita.te into the beakers con-
'ta.ining the bulk of the precipitate._ The slurry 1s a.gita.ted and heasted
.to epproximately go°c. o

5. Fifty milliliters of 16 M ENOa is added, and the precipitate is
heated to bolling; the precipltate 1s dissolved and a small asmount of
S10. 1is precipitated. ;

6. The Si0p is cemtrifuged out and the solution is saved. The
volume is reduced to ~ 100 ml bty boiling. The solution is now 8.0 M
HNOa and O.44 M HaBOg. .

T. Steps 1 through 6 are ccnsidered a cycle. This procedure is
repea.ted through a.pproxim.etely elght cycles to decontaminate to the desired
factor of ~ 200 alpha. counts De* miMlicurie.

) 8 TG precipitate PmFa and AmF5, HF i3 added to the HaSiFg

- supermatant until the’ solution is’ 5.0 M. After three cycles approximetely
15% of the americium is left with the Pmt47 product and 85% of the
americium is in the EgsiFe superna.tant waste.



PROCDUEE 1L
ELECTRODEPOSITING AMERICIUM

’d

le) Source: Roy Ko, Nucleomics, 1L, b (1956)

Azzemble electrolysle cell using 22-mm diameter stalniess steel,
pletinum. or copper disk cathods.

Add L &= of ecluticn of G.20 M HCOCH, 0.15 M HCOONH -

Adé amerlelum sciution not exceeding LOC riercliters.

Place pletinmum ancde stirrer 10 mm sbove cathode end rotate at
epproximestely 200 rom.

Electrolyze s 80-100 ma fcr 1-2 br.

At end of elsctrclysls, siphon out sclution wlth current on. Rinse
with dilute FHOF ead then vwith scetone. ’

Diseassemble cell and ignite disk to redness over bunsen fiame.

(5) Soumce: -"-.n. Yskoviev, P. M. Chulkov, V. B. Dedov,
Y. N. Eosyskov, ana Y. P. Sobolev, J. l"u;..Energy,
5, 159 (‘957)

The electrclysiz of meutral solucicns of PuCls, AmCls and CmClsg
fram 50% ethyl s_cohol, 45% acetcne, 5% weter was successful at a current
density ¢ 0.2 me/cm®.

(ec) Source: H. Diamond, R. Bermes snd P. Fields, private
commnicstion, reported in ANL 505+ (1953), $€.30
{pu 078), §2.0C0 (mf OTS).
The smericlum wes electrocdeposited on & tantelium cethods from

0.2 M ExC0g sclution.
é) Scu=ce: W. G. &mith and J. M., Hollender, Poys. Rev., 101,
7u6 (1956)

~—

V. G. Swith, W. M. Gibson and J. M. Hollander, Fhys.
Rev., 105, 151k (1957)

Tre hydrochloric scld solution was evaporsted to Gryness and the
smericiun setivity éissolved in G.5 ml of NEHESO, (pE = 3.6) plating
gclution, from vhich the activity wes electropleted upon & 10-mil
pletinum wire.

Similezr erperiments are described im:

AEC-TE-3LO7, G. .L. Ehlebnikov and E. P. Dergunov,
Atamneye Prerg., L, 376 (1958).

V. B. Dedov and V. N. Kosyakov, Proc. Int™l. Conf.
Pesceful Usee of Atamic Exergy, 7, 369 (195€).

50



PRCCEDURE 15

THE DETERMIFATION OF AMERICTUM I URDNE

Scurce: M. F. Milligar, E. E. Campbsll, B. C. Eutsler,
Jean McClellsnd, snd W. D. Moss, LASL LA-1255 (2na
L.0G (O

Editlen); p 28, (1558), #

Abstract

The methed is based on the coprecipits
mith phosphate fram 2 nitric scld solutlon ¢
The bismuth phosphace 1s dissclve L
itetad s seccnd time wvith lsnthenum T

onto a stainleszs steel plats and counted -

alphs csounter. Thordum, plutcniwn,

carried through this determinstion.
of americium can be datected by thls method.

Resgants

Concentreted Nitric Acid - 0 70%, sp. &r. 1.L2.

n-dctvyl Alechol (primary) - CHs{CH2)gCHZCUH, prectical.

Boiling Chips - Carborundum, 20 mesh.
Satursted Sulfur Dilox’de Westsr - Bubble sulfur dicxids (30z) z=s,

technical, gently through 500 ml of distilied warer for 2 hours.

Pismuth Nitrare Solutican - Disscive 231.2 g of bismuth nitrars

[Bi(N03)3-5H20 - AR] in 660 ml of cone. nitrie scld and &llute ts 1 liter
with diarilled werter. The solution comtains 0.1 g Bl ml
Corcentrared Phosphoric Acld - ELPO,

. 1.7.

0% Scdivm Hyd—oxide Solurisr - 50 g of scddum hydroxide (GadE - A3,

pellets) dissoived in 50 ml of distilled wmtear.

13 Nitrdc Acid - Add &k ml of conc. nitric acid to approximetely

500 ml of distilled watsr im s 1 ]_‘Lter volumstrie Flask. Mix, ccol,

and make up to 1 Iliter witk dlstilied vwster.
Coneertrsted Hydrsochlorie Acid - HCL 3’_'_. gp. Zr. 1.13.

Lanthanum Jitrsrs

Puriflesticon =

Zsnthenum Nitrste - Za(Rd5)3-5H0 - AR.

Armonium Bydrcxiie - NMH.OH 20%, sp. ar. 0.90.

Concenctrated Fitric Acic - NG5 0%, =op. or. 1..23.

Barfum Nitrste - Ba(llCa)s - AR-

Sodium Sulfate Sciation - Flace
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mocxm 15 (c:mt'a)

J\R) in e 100 ml volumetric flask, dinolve In distilled m, wd m\m
© to 100 ml with distilled water.

Poteseivm Permangsnats - KinO, - AR. . )
i 20% Sodium Hydroxide Solution - PhcekOgofnodmw
(Nam AR, pellets) in epproximately 100 ml of distilled water and
diasolve. Mix, cool, end make up the volume to 200 ul.

. Orange Irdicator - Dissolve 0.1 g of methyl in-mge ,
(orange III, tropeolin D, sodium p-dimethylaminoazcbenzene sulfonats) in
100 ml of dlstilled water. pH renge: red, 3.1 - orange yellow, kA,

Ammonium Nitrste - NEMNOg - AR.

TTA Solution - Dissolve 50 g of 2-fbh=noyltr1ﬂunmeetm
[CaBa0aSFs, “ITA", L, 4, hetrifluoro-l-(2-thienyl)-l, 3-butsnediome] in
toluene (CHaCeEsw - reagent grade) in a 1 liter volumetric flask and make
up to volume with toluene. Store in a brown glass bottle in the dark.

1. Dissolve 5 g of lsnthanum nitrate in 200 ml of Aistilléd water in & -
LOO ml beaker.

2. A4S 50 ml of emmonium hydraxide to the beaker and mbir.

3. Transfer the solutiaon to four 90 ml centrlifuge tubes. Rinse tha
besker with dlstilled water and add the washings to the tubes to give
equal volumes. Cemtrifuge at 2000 Tpm for'5 mimrtes. Discard the
supernetant Sluld.

L. Add cone. nitric acld, with stirring, to Tube 1 umtil ths precipitste
is-just dissclved. Transfer the clear solution to Tube 2. Rinse Tube 1

with 2 to 3 ml of conc. nitric eclid end add to Tube 2., Stir aml add cone.
nitric ecid, with a medicine dropper, if necessary, until the precipitate
is Just dissolved. Transfer the salution to Tubes 3 and L in the same
menner. Transfer the combined solutions in Tube 4 to two clean 90 ml
centrifuge tubes, Divide the solution to glve equal volumes. Rinse
Tube 4 with conc. nitric acld and sdd the washings to the two tubes of
salurtion. - . .

5. Add distilled wetrer to each tube to glve a volume of LO ml in each.
A4 ammonium hydrcxide to esch tube until a precipitate just forms.

6. Ad4 LO mg of barium nitr=te and 1 ml of sodlum sulfute soluticn to
each tube, mix, and let stand for 30 minurtes. - -

- . T« Centrifuge atv 2000 rpm for 5 mimrtes. Pmthamemn:bmtsolubim

into two clean 90 mi centrifuge tubes.

8. M.d.lOmlo:rd:lltﬂJ.sdmu-touchtu'be sheks to wash the precip~
. ltate, mdcentrimgeagainstm;pnforsmms. Adfd the wvaahings
to the two tphes-af supernatant solutlon. Diamathe-resim



- “.... FPROCEDUEE 15 (Comt‘'d)

9. A3 25 ml of ammonium hydroxide to each tube. Mix, centrifuge av
2000 rpa for 5 minutes, and dlscard the supernstant solutlon.
10. Dissolve sach precipitate in 5 ml of caonc. nltrlic acid and heat to
boiling.
11. Add 20 ng of potassium permanganate to each tube.
12. Neutralizs the solutions with 20% sodium hydraxide to a pH of 8
using Hydrion paper for the lndicmtor.
13, Place the tubes in a water bath or sand bath et 60° to 90°C for
1 hour. (A drying oven may be used for this.)
1%, AAd encugh conc. nitric acld to glve a pH of 6 to 7 with Eydrion
peper. Cool the tubes with tep wvater and centrifuge at 2000 rmm for 5
-minutes. Pouxr off the supernatant soluticn into cne clean GO ml cemtrifuge
tube. Discard the dark precipitate.
15, Dilute the cambined solutions to 50 ml with distilled water and add
30 ml of ammonium hydroxide, Centrifuge at 2000 rpm for 5 minutaes.
Discard the supernatant solution., The precipltate should be nearly white
at this step. If the precipitate is a derk brown, dissolve in canec.
aitric acid, heat to bolling, and centrifuges at 2000 rpm for 5 minutes.
Discard any precipitate that remains and proceed with Step 15.
16. Dissolve the precipitste in 2 to 3 ml of comc. nitric acld amad
dilute to 30 ml with distilled water. Neutralize the solution with
emmonium hydroxide using methyl orange as the indicator. The indicator
will change fraom red to orange at & DH between 5.1 and h.h.
17. Add 5 g of ammonium nitrate. Stir umtil dissoclved, Tt may be
_-neeeasa.:'y 10 let the solution stard for a few mimrtes until the ammoziun
nltrate dissolves.
.18, Trensfer the solution to & 125 ml Squibb separatory funnel. Rinse
the tube with 10 ml of distilled water and add to the soclution 1z the
funnel. Add 10 ml of TTA scluticn and shake for 25 mimutea with an
autanatic wrist-action shaker,
19, Let the solutioms etend until the phases separate (approcimately 5
mimrtes),
20. Drain the aqueous solution IiIato e clean 90 ml centrifuge tube and
add 20 ml of ammoniim hydroxide. Drain ths TTA solution &nd discard,
2l.. Centrifuge st 2000 rpm for 5 minutes., Discard the supernmatent
solutich. ’
22, A3d 10 ml of &istilled water to the precipitate in the tube. Mix
-to wask the precipitate, centrifuge for 5 mirmutes at 2000 rpm, and discard
the wash solution.
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FROCEDURE 15 (Comz'd)

\

23. Dlssclvs <he precipitete inm 2 o 3 mi of conc. nltric acid snd trens-
Tar quantitatively to a 100 ml volumetric flask with Gistilled water,
Diiute <he sclution in the Tlesk to 100 rl and mix.

2L, Wzlgh thres planchets sccurssely on an anslytlica. belance., KNumber
the plarchets snd record the welghts. 7Pisce 1 ml of the lantherum
gcluticn (Sclution I) or esch planchez., Dry the planchets under an
irfraved lemp. Flame the plenchet to red heet vith & burper. I.et cocol
to rosom <exrpersture and welgh, Celculste the concentraiion aof I.a
assuming thst the masteriel weighed 1s lanthenum axide (Lag0a).

Welgks o dried planchet - weight btlsok planchet = g Laz0g

- spme . 231.8 -8, o o
zLa-O:.,x.Lu.-ux,—l%—h=mgLa /el Sol. 1
2D,

g Isz0s x 853.7 = mg La /ml Eol. I
25. Tlmce e cslculsted number of rilllliters (see belaw) of Sclutiom I
In & 260 ml voiume=ric flask snd dllute to 100 ml with d.istil.Leu vater.

-
Sclution II sktould coatein 1 mg Le o ver m11111{ter.

mng
= ml of Sol. I tc be diluted to 100 mli to glve Sol. II
a1l mg La*s/"ml

Concentrated Hydrofluoric Acld - BF LS%,

Doliure Hyvdrofluoric Acid - Add approxdimetely 1 mi of hydrafluoric
acid wc 100 ml of dlstilled water in a Bskelite besker,

Procedure
1. Twc mornlnz snd twe evening voldinges of urine ere collected by the
employee end sent to the lsborstory. The total sample 1s mixed in & 2
liter beaker end 1 ml o axmtifosm (octyl slcochol), 1 g of boiling chips,
and epproximstely 200 ml of come. nitric scid are sdded.
Z. The semple i1s covered with & Speedyvap and taken To dryness &t & low
heat on a hot plate, (If expedient, high hest may be used tc bring the
eample Tc dryness.) Samples mey burn viclently s they go to dryness.
This does not effect the recovery. ]
Z. The &ssh 1= completely cxidized (to & white ash) by repested evepors-
tion with emall porticns of come, nitric ascid {5 to 10 ml portiocms).
L., Wnea the s8h 1s completely white, dry, snd cocl, sdd 5 ml of canc.
nitric ecid and 25 ol of dlstilled water and boll for 1 minute., Tranefer
the sclution 'Eu 8 90 ml centr...ﬁzge tube - --
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PROCEDUHE 15 (Cont'd) _
5. Pifteen milliliters of distilled water is added tc the teeke=, brougsc
to a boil, and added to the solution in the centrifuge tube. This rinsing
is repeated with ancthsr 15 ml portion of dlstilled water, giving an
approximate volume of 55 to 60 ml in the cemtrifuge tuba.
6. Centrifuge at 2000 rpm for 5 minutes.
7. Carefully transfer the supernatamt solution to a 150 ml beakex
containing 2 ml of sarursted sulfur dlaxide water. This transfer must be
carefully effected since any ‘nsoluble materisl will be car—led through
the entire prdcedure. The sulfur dloxids is added o ensure reduction of
any emericium present to the trivelent state.
8. Adjust the pH of the acid sali soluticn in the beaker to 1.7 by adding
50% sodium hydroacide solution dropwise, Stir the solution with e magnetic
gtirrer wvhile adding the hydramcide. The Beckmsn pH meter, Model H-2, is
used to determine the pH.
9. Transfer the solution in the beaker to a secand 90 ml cemirifuge tube
quantitatively and place the tube in e constant-temperature oil bath at
80° to 84°C. Stir mechanically at a moderate speed. for 10 to 15 xminmutes.
10. Add 1 ml biamuth nitrate solution and 1 ml of conc. phosphoriec acid
to the solution and contimue stirring in the oil bath for 1 hour.#®

B1™® « PO~ > Bi PO,

11. Remove Pram the oil bath (wipe excess oll off the tubes) and
centrifuge av 2000 rpm for 5 mimrtes.
12, Discerd the supernatant solution and break up the blamuth phosphete
precipitate vith a Tine stream of distilled water. Transfer the precin-
itate to e LO ml dentri®ige come with repeated washings uantil the volume
1s approximately 30 ml. " -
13, Ceatrifuge st 2000 rpm for 5 mimites and discaxd the supernatar:
1L, _Rinse down the S0 ml centrifuge tube with 2 ml of comc. hyérochlcric
acid and 2 ml of distllled water.
15, 244 this dilute hydrochloric acld washing to the precipitate ard
dissclve the precipitate with gentrle swirling. I tae precipitate does
not dfasolve readi‘y, add conc. hydrochicric scld dropwise untll asclusion
is carplete.
16. To he dissclved precipitate add 0.2 ml of lenthemm aitrate solutice
and 1 ml of conc, hydrofluoric acid. If the solution ls Tu=bili, aid conc.

* Tt 1s obvious that the finel pH, after the additicn of bisruth zizate
and phosphoric acfd, is-hot 1.7. Experimentstion hea shown t=at tke
PH acjustment to 1.7 before this eddition glves the highest Dercentage
yielé of americium,
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PROCEDUGER 15 {Comt'd)

oyd-ochlorie acid dropwise until it clears, Let stend for 5 minutes (not
longer thea 10 minutes) o enmure camplete precipitetrion.
La™ ¢ F ——— LB g L

17. CemtrlZuge at 2000 rpm for 5 minutes and discsrd the superngtant
fluia.
18. £heke the lantbernmm fiuoride precipltste with 15 to 20 ml of dllute
byiroTiuo=ie seld weeh acliusion aud centrifuge atr 2000 ~pm for 5 mirmrtes.
19. Discarc the supernsient and invert the cone quickly an seversl thick-
nesses of Kleenex, Drain for 15 to 20 minutes, The liquid must drain
thoroughly from the tube since any residwusl hydrofluoric ecid will attack
the stalnless steel plste.
20. Quentitatively transfer the preclpitate tc a 7/8 in., 10 mil stain-
leag 3teel plata by sluxrylng with dletilied weter.
2., Dry the plete at low heat on an electrlic Lot plete ~overed with an
asbestos pad.
22. Tlame -~he drled plate to red heet wilth & burner end count the elpha
sctivity wvith e low-background proporticomel counter for 120 mimites.
(1he low levels of emericlum encowmtered necessltate this long cowrting
time,) ] : 7
23. Report the repults es d/m/semple:

c/m -

efficlency of counter 8/m/seng
Toe efficiency of the alpha comnters used at LASL 1s assumed to be 50%.




él)
(2)
(s)
(+)
(e)

(e)

REFERENCES

K. Keenan, "Americium and Curium", J. Chem. Ed., 36, 27
(1959) :

S. W. Rabideau, L. B. Asprey, T. K. Keenan and T. W. Newton,
“Recert Advences in the Basic Chemistry of Plutonium, Americium
end Curium”, Proc. Second Imt'l. Conf. Peaceful Uses of Atomic
Energy, 28, 361 (1958).

J. J. Xatz and G. T. Sesborg, "The Chemistry of the Actinide
Elements", Jobn Wiley and Soms, Inc., New York, 1957, vp. 331~
385. .

E. X. Eyd.e , "Radiochemical Separations Methods for the Actinide
Elements” Proc. Im; 1. Ccmf Peacem Uses of Atomic Energy,

"'_jL 281 (1956)

R. A. Pennemsn a.nd.]'.. B. A.aprey, .'A_Review of Americium and
Curlum Chemistry"”, Proc. Tmt'l. Conf. Peaceful Uses of Atcmic

Energy, I, 355 (1956)

E. K. Hyﬂ.e Ra.d_‘l.ochemica.l Separa.tions of the Actlinide Elements,
"The Actinide Elements”, edited by G. T. Seaborg end J. J. Ketz,

© NNES-IV-l4A, McGraw-H11ll Book Co.; New York, 1554, pp. 5k2-5G2.

I. Perlman and K. Street, Jr., Chemistry of the Transi)lutoni*m
Elements, ibid., pp. 507=539.

§. G. Thompson, L. O. Morgan, R. A. James, and I. Perlman,

The Tracer Chemisiry of Americium and Curlum in Agueous Soluticu,
"The Transurenium Elements", NNES-1V-143, McGraw-E{11 Book Co.,
New York, 1649, pp. 1339-1561.

3. B. Cunningham, The First Isclation of Amerdcium in 'tl-ve Form
of Pure Compounds; Microgram-Scale Observations on the Chemisiry
of Amerieium, ibid., pp. 1363-1369.

- G. T. Seeborg, R. A. J'ames and L. O. Morga.n, The Yew Elemert

Arericium, ibld., pp. 1525-1553.

G. T. Seaborg, R. A ‘Jemes a.ndA Ghiorso, The New Element
Curium, :‘Lbid., PD. 1551+-15'7l

..L "B, Werner and I Perlmen, The Pre;uaraticn and J.SD].&'thn of

Cu:rium, ibid., pp. 1586-15911-



(13) Urless othervlse stated, the data and gymbole in this teble are taken
°  Zrom D. St-ominger, J. M. Hollarder,. end G. T. Seaborg, Rev. Mod.
Prys., 2C (2, Pr. II, 825 (1956). - :

(z<) PB. T. Bernes, D. J. Headersowr, A, ©. Herimess and E. Diamoné,
_ J. 1zoxg. Nucl. Chem., 9, 105 {1357).

(1x) S. G. Thompscn and M. Muga, Proc. Second Int'l. Conf. Peaceful
Uses of Atcmic Energy, 28, 331 (1958).

{1e) Work by S. G. Thompson, L. Pht1l4ps, R. Gatti and B. B. Cunninghanm,
repor=ed by B. B. Cunninghen, . Chem. Ed., 2§_, 32 (1959).

(27) M. W. Rosentha® (editor), AN -~558., (1956), g1.00 (oTS).
(ze) E. F. Westrum, Jr. end L. Eyring, J. Ar. Chem. Soc., T3, 3396 (1951).

(z8) P, Gre®, B. B. Cunningham, C. H. Deuben, J. C. Wallmamn, D. E. Temple-
ton, ené H. Ruben, J. Am. Cher. Soc., 78, 23%0 (1956).

(20) S, C. Carniglie and B. 3. Cumainghem, J. Am..Caem. Soc., TI, 1502 (1955).

(22) T. E. Pripps, G. W. Seaers, K. L, Seifert, and O, C. Simpscn, Proc.
Iot i, Conf. Peacefu’ Uses of Atomic Energy, 7, 382 (1956).

(22) L. J. Ke=zin, J. Am. Cher. Boc., 80, 5908 (1958).

{(23) J. C. Wellmann, P. Gre®, and Lilly Godas, J. Inorg. Rucl. Chem., 7,
199 {(1958).

(24) K. R. Lohr and B. B. Cunninghsm, J. Am. Chem.. Soc., T3, 2025 (1951).
(2s) Ref. (3), p. 158, °

(=e) J. A. Hermanm, LA-2013, (1956), g2.75 (OTS).

(2z) T. L. Maxidn, J. Inorg. Nucl. Chem., 7, 290 (1958).

(28) G. N. Yakovlev, V. N.

Kosyakov, Proc, Second Int'l., Conf. Peaceful
Uses of Atcmic Pnergy, 28, 373 (19585.

(28) R®. 8. Presely, ORNL-2202, (1957), #1.80 (ph ors), #1.80 (mrf OTS).
(30) M. Ward and G. A. Welch, J. Inorg. Fucl. Chem., 2, 395 (1956). ) _
(1) J. 5. Colemsn, C. Hecht and R. A. Penneman, quoted in ref. (3), p. 363.

(a2) W%. W. T. Crane end G. H. Eiggina, Proc. Second Int'l. Con®. Peaceful
Usee of Atamlc Energy, 17, 245 (1958).

(as) P. R. Grey and S. G. Thompson, reported in ref. (3), p. 346.
(3¢) X. Street, Jr. snd G. T. Beaborg, J. Am, Chem, Soc., T2, 2790 (1950).

(ss5) R. M. Dismond, K. Street, Jr. and G. T. Sesborg, J. Am. Chem. Soc.,
76, 1k61 (195L).

- (ss) J. E. Colemsn, R. A. Permemen, T. K. Keenan, L. E. LaMar, D. E. Arm-
strong and L. B. Asprey, J. Inorg. Nucl, Chem., 3, 327 (1957).

(37) Y. Marcus snd F. Nelson,-I. Fhys. Chem., 63, 77 (1959).



(3a)

(=8)
(40)
(a1)
(+2)

(a3)

{4e)

(==)

(=e)
(s7)
(=8)
(59)

{ao)

(s1)

(e2)-

. N. Yakovlev and V. H. KosyeXov, Prcc. Int'l. Conf. Pemcefu
Uses of Atamic Energy, 7, 363 (1956). -

B.
L.

L.

B, Cumningheam end L. B. Asprey, AECD-25L6, (1950).
B. Asprey, UCHL-329, (1919).

B. Asprey, J. Am, Chem. Soc., 76, 2019 (1954).

G. R. Hall snd T. L. Markin, J. Inorg. Fucl. Chem., 4, 137 (21957).
L. Eyring, H. R. Lohr end B. B. Curmingham, J. Am. Chem, Soc., o
1186 (1952).

Unpublished work, LASL. HNOTE: Unpublished information by

L.

B. Asprey, J. 9. Coleman, T. K. Keenan and R. A. Permeman of

the Los J)\lnos Scilentific Laboratory will be cambined under
ref. (44).

L.

J.
L.

G.

B. Werner and I, Perlnan, J. Am. Chem. 3oc., 13, 485 (1951).

P. Nigon, R. A. Pennenan, E. Staritzky, T. K. Keenan and
B. Asprey, J. Fkys. Chem., 58, 403 [1554).

K. Yakovliev and D. S. Sorbenkc-Germenov, Proc. Iot-l. Conf.

Peaceful Uses of Atcmlc Energy, 7. 395 (1556).

R.
M.
R.
.
n.

L.

L.

Sjoblom and J. C. Jindman, J. An. Chem. Soc., 13, 17kh (1651),
Kasha, J. Chem. Phuys., 17, 349 (13.9).

H. Betts and B. G. Harvey, J. Chem, Phys., 1§, 1589 {1q.8).

E. Ellinger and Y. H. Zachsrissean, J. Phys. Chem., 58, 105 (1354).
A. Penneman and I. B. Asprey, AECU-G36, (1950), #6.05 (0%5).

H. Jones and R. A. Pennemen, J. Chem. Phys., 21, 512 (1953).

B. Asprey, F. H. Ellinger and W. H. Zacharasen, J. Am. Them.

Soc., 76, 5235 (1954).

S.

E. Stephanou, L. B. Asprey and R. A. Pennenan, AECU-325, (1S50),

go.os (ors).

G-

G.

<
-

L.

L.

R. Hall and P. D. Herniman, J. Chem. Soc., 195k, 221L.

R. Hall and T- L. Mazrkin, J. Inorg. Hucl. Chem., &, 295 (2557].

R. Gurn and B. B. Cumningham, J. Am. Chem. Soc., ]S, 1563 11257).

B. Asprey and S. E. Stephanou, AECU-92L, (195C), $0.05 (2T5).

B. Asprey, S. E. Stephencu, ard R. A, Perneman, J. Am. Chem,

Soc., 73, 57=5 (1%1).

1.

M. Eolthoff and I. K. Miler, J. Am. Cuem. Soc., T3, 3055 (1650).

-3, R. Gunn, UCRL-2541, (195L).



(83) 5. E, Stepuenoa, J. P. Higan end R, A. Pennema.n, J. c.'nem Phys
) 2, L2 (1953).

(e4) L. B. Asprey azd R. A. Peareman, LASI, unpublished -work menticned

(es) s. E. Stephaenou and R. A. Pennemsn, J, Am, Cher, Soc., Th, 3701 (1952).
{es) ¥. Vard and G. A. Welch, J. Chem. Soc., 195k, 4O3B.
{s7) J. ®. Surls, J-., UCHL-3206, (195€).

(®8) s, G. Thoampsom, B. G. Harvey, G. R. Choppin and G. T, Seaborg,
J. Am. Chem, Soe., 7€, 6229 f195L).

(e8) R. F. Buchanen, J. P. Faris, K. A, Orlendini, end J. P. Hughes,
TID-7560, (1958), p». 179, #2.00 (orS),

(79) 1. R. Burney, K. E. Bsllou, J. Pascual and 5. Foti, USHRIL-TR-228,
(1959).

(72) J. 8. Colemsn, L. E. Armstrong, L. B. Asprey, T. K. Keenan, L, E.’
LeMer end R. A. Pennemsn, LA-1575, (1955), $6 30 (ph OT8), ¢3 00 (m= o1S)

(72) J. 9. Colemmn, L. B. Asprey snd R. C. Chisholm, Paper Presented at the
131t Meeting of the Americen Chemical Soclety, Miamt, Florids, 1957.

(vsy J. P. Surls and G. R. Choppin, J. Inorg. Fucl., Chem., 4, 62 (1957).

(7¢) A. Chetham-Strode, Jr., UCRL-3322, (1956), #15.30 (ph ors), @ 5. uo
(=t oTS).

(7s) R. A. Glass, J. Am. Chem, Soc., TJ, 807 (1955).

(v8) L. Wish, B, C. Freiling and 1. R. Bumey, J. Am, Chenm, Soc., 76,
34l (155L) .

(=r) D. cC. S}:eva.rt, Proc. Int'l. Conf. Peaceful Uses of Atamic Energy,
1956)

t.l

{7e) G. R. Choppin, B. G. Earvey and S. G. Thompscn, J. Inorg. Fucl. Chem.
2, 66 (1956). -

{78) r(: Ls)&nit.h ead D. C, Hoffman, J. Inorg. Nucl. Chem., 3, 243
195

(80) J. Fuger, J. Inorg. Rucl. Chem., 5, 332 (1958),

(e1) G. R. Choppin end R. J. Bilva, J. Inorg. Fucl. Chem., 3, 153 (1956).
(82) R. F. Boguckl and A, E, Martell, J. Am. Chem, Soc., 80, k270 (1958).
(es) E. I. Foreman, LASL, private commmication.

(se) L. B, 'He:z-ner end I. Periman, UCHL, unpublished informmtion reported
in Ref. (4)

(e=) 1_('. B. )Ma.gnuson and M, L. Anderson, J. Am. Chem. Soc., 76, 6207
195L

(®8) F. Weigel, UCRL-393%, (1957), f1.00 (ors).
(e7) A. Chetham-Strode, Jr., EW-28711, (1953), #0.30 (oms).

P



(s8) W. A, Brooksbagk aad F. L. Moore, ORNL-1088, (1951), Decl. 1557,
$19,80 (ph 0TS), $6.30 (mf OTS).

(ss) D, F. Peppard, P, R. Gray, M. M. Markus, J. Am. Chem. Soc., 75,
€063 (1953).

(Sd),' D. ¥, Peppard and P. R. Gray, US Patent 2,583,655 (1954),

(91) D. F. Peppard, G. W. Mason, W, J, Driscoll and R. J. Sircnen, J.
Tnorg. Nuel. Chem., 7, 276 (1958).

(92) XK. A, Walsh, TLA-1861, (1956), $0.35 (OIS); see also Paper 270,
Nuclear Engineering and Science Congress, Cleveland, Ohio, 1655.

{e3) R. C. Milham, DP-173, August 1956. g0C.15 (cTs).

(s4) K. Naito, UCRL-8748, (1959).

{(es5) W. J. Maramsn, A. J. Beaumont, E. L. Christensen, A. V. Henxricksoen,
J. A. Hermann, K. W. R, Johnson, L. J. Mullins and R. S. Winchester,
LA-1692, {1954), Decl. 1957, $1.80 (ph CTS); $1.80 (=f 0TS).

() W. J. Maremen, A. J. Beaumont, R, S. Day and R. S. Winchester,
LA-1699, (1954), Decl. 1957, £3.3C (ph 01S), $2.40 (mf OTS).

(s7) D. 0. Campbell, ORNL-1855, Decl. March 1§57, $0.35 (OTS).

(s8) W. H. Lewis, Proc. Second Int'l. Conf. Peaceful Uses of Atomic
Energy, 17, 236 (1558).

E. Armstrong, . B. Asprey, J. 8. Coleman, T. K. Keenen,
E. LaMer, and R. A. Penneman, A.I.Ch.E. Journal, 3, 286 (1957).

{ee) D.
L.

{(100) J., P. Butler and J. S. Merritt, CRC-66L, (1956).

(101) D. B, McKenzie, J. W. Fletcher and T. Bruce, CRC-639, (1956).

(102) N, D. Erway and 0. C. Simpscn

) CC-3625, (1946), Decl. 1955,
g7.80 (ph 0TS), £3.30 (mf ors; .

(102) J. C. Wallpann, W, W. T. Crane, and B, B. Cunningham, J. Am.
Chem. Soc., 73, 493 (1951).

(104) W. W. T. Crane and I. Perlman, mentioned in Ref. (7).

4

(1c8) W. T. Carnall, P, R. Fields, D. C. Stewart, and T, X. Keenan, J,
" Inorg. Nucl. Chem., 6, 213 (1958).

{ ¥

(1ce} L. B, Asprey, F. H. Fllinger, 5. Fried, and W. E. Zachariasen,
J. Am, Crem. Soc., 77, 1707 (1955).

(207) L. B. Asprey, 7. H. Ellinger, 8., Fried, and W. H. Zachariasen,
J. Am. Chem. Soc., 79, 5825 (1957).

(108) D. F. Peppard, unpublished work reported in Ref. (8).
{x08) A, T, Jaffey, Ref. (s), 7. 5%.

(110) W. S. Lyon and S. A. Reynolds, Nucleonies, b, Lb {1556).

61



(121) =. cde=ome

i-61i (193
(22) ¢ G, =rapscr, B. G. Bavey, G. K. Cuoppia, end 6. T, Seaborg, J. Am

. Cre=. Saz., €, €229 (193L)

SFLEC™ED READING LIST

Zerza Srarc axi M. C, Robblrs, LASL, unpublished manuseript, 1950.

~. C. E::.—.ve-_i.:s.., J. V. Heeiy, and T. L. Reild, HW-22680, pp. Lu-uf,

-‘_9—-J, 7.60 (pk 013), £3.3C (mf OT8).

See A'sc: AERE C/R 1395, E. N. Jenxdns snd G, W. Sneddon , 195L.

5 K. .Street, J-., anc G. I. Seskerg, J. Am. Chem. Soe., 76,



	THE RADIOCHEMISTRY OF AMERICIUM AND CURIUM
	TABLE OF CONTENTS
	I. GENERAL REVIEWS
	II. ISOTOPES OF AMERICIUM AND CURIUM
	III. REVIEW OF AMERICIUM AND CURIUM CHEMISTRY
	IV. COUNTING TECHNIQUES
	V. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES
	REFERENCES


